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INTRODUCTORY 


REVIEW  of  the  work  of  surgeons  during  the  past  momentous  four 
years   of  military   service,  and  its   relation  to   the   future   of  the 
practice   of  sui^erj-,  is  a   gigantic  undertaking    little    suited   to  a 
short  introduction  to  the  sixth  volume  of  the  British   Journal 
Xi^^^^'^Xld  ^^  Surgery,  while  so  little  are  we  in  a  position  to  grasp  or  even 

W^jV^l^c^^2  conceive  the  actual  conditions  under  which  we  shall  live  and  work 

when  the  blessings  of  peace  are  again  vouchsafed  to  us,  that  a 
forecast  can  provide  but  speculative  interest.  Yet  it  may  not  be  unprofitable  at  this 
juncture  to  take  stock  of  a  few  of  the  conditions  which  exist  at  the  moment,  and  to 
ponder  upon  the  influence  these  may  |>ossibly  exert  on  the  practice  of  surgery  and  the 
life  and  position  of  the  surgeon  in  the  future.  , 

The  great  outstanding  features  of  military-  surgery  lie  in  the  possibilities  which  are 
provided  by  the  casualties  of  battle  for  the  rapid  accumulation  of  facts  and  exjjerience 
in  a  special  field,  and  in  the  wide  distribution  of  this  work  amongst  a  large  number  of 
medical  men  to  whom  under  ordinary'  conditions  the  active  practice  of  surgery  might 
have  been  restricted  in  many  instances  to  the  narrowest  limits,  or  even  avoided  with 
studious  precaution. 

These  conditions  have  permitted  a  combination  of  men  representing  every  branch 
of  medicine  to  join  in  collaborative  research  of  a  character  and  extent  which  ordinary' 
circumstances  could  never  have  allowed,  and  effected  a  general  assimilation  of  thought 
and  aim  difficult  to  conceive  imder  the  comparatively  water-tight -compartment  arrange- 
ments which  exist  in  times  of  peace.  Yet,  side  by  side  with  the  general  breadth  of  outlook 
which  has  been  thereby  in  great  measure  attained,  a  tendency  to  an  undesirable  degree 
of  specialism  has  sprung  into  existence.  It  is  to  a  consideration  of  these  features  that 
the  following  curson,-  remarks  will  be  confined,  and  of  the  question  as  to  how  far  they 
promise  to  exert  an  enduring  influence  on  individuals  who  have  been  suddenly  trans- 
lated from  a  strenuous  or  an  easy-going  life,  and  whose  energies  under  the  conditions 
of  the  previous  fifty  years  might  have  been  confined  to  a  narrower  sphere  and  expended 
perhaps  on  an  inglorious  routine  broken  only  by  an  occasional  holiday  or  attendance  at 
a  medical  meeting. 

A. glance  may  first  be  taken  at  the  material  resources  in  medical  jjersonnel  at  the 
disposal  of  the  War  Department.  The  officers  available  may  be  conveniently  grouped 
as  follows  :  (1)  XeiLiy-qualified  men,  and  qualified  men  who  found  themselves  unattached 
and  free  at  the  outbreak  of  vcar  ;  (2)  Settled  general  practitioners  ;  (3)  Consulting  physicians 
and  surgeons,  specialists  in  the  various  departments  of  medicine ;  and  (4)  Workers  in 
pure  science. 

1.  The  first  group) — consisting  of  volunteers,  ftesh  young  minds  abounding  in  energy 
and  the  desire  to  win  their  spurs  on  their  simultaneous  entry  into  the  arena  of  active  life 
and  into  the  field  of  militan,-  service — has  afforded  a  most  useful  asset.  As  a  class, 
a  Uttle  over-anxious  perhaps,  to  wield  the  knife,  or  to  join  the  forefront  of  battle—^ 
where  many,  alas,  have  laid  down  their  lives  or  become  permanently  handicapped  for 
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the  future.  The  unattached,  often  a  ^lobe-trotter,  has  brought  knowledge  of  men  and 
of  life  under  the  conditions  of  distant  climes  which  has  often  rendered  him  useful  under 
circumstances  totally  unfamiliar  to  the  ncwly-fledgcd  surgeon.  The  value  of  such  an 
assemblage  of  plastic  material  to  the  regular  service  can  hartlly  be  overestimated.  On 
the  other  hand,  no  single  body  of  men  has  derived  more  benefit  from  its  association 
with  the  war.  Habits  of  discipline,  opportunity  for  estimation  of  their  own  powers 
and  capability,  medical  and  surgical  experience,  and  even  material  improvement  in 
personal  health  and  strength,  have  been  acquired  as  a  result  of  military  service. 

2.  The  geneml  practitioner,  as  representing  the  actual  body  of  the  profession,  has 
prove<i  himself  the  strength  and  corner-stone  of  the  medical  service.  Habituated  to 
onerous  and  regular  work,  an  experienced  student  of  human  nature,  and  accustomed  to 
deal  with  emergencies  of  every  kind,  he  has  thrown  himself  into  the  great  work  of  the 
service  with  an  energy  and  carelesvsness  of  self  which  is  beyond  all  praise.  Many  of 
them,  moreover,  brought  not  only  medicai  skill  and  experience,  but  also  administrative 
capacity,  developed  as  a  result  of  prescient  patriotic  service  with  the  Territorial  Force, 
a  virtue  which  has  been  but  too  inadequately  recognized  and  repaid.  Yet  this  group 
of  men  also  has  gained  some  advantages  which  civil  practice  could  not  afford,  such  as  a 
change  of  life,  and  the  not  infrequent  possibility  of  devoting  themselves  to  particular  lines 
of  work  specially  germane  to  their  tastes  and  capacities :  small  recompense,  perhaps, 
for  a  virtually  abandoned  practice,  and  for  the  constantly  recurring  thoughts  of  the 
trials  and  troubles  inflicted  on  those  left  at  home  or  in  the  temporary  shelter  which 
the  Territorial  officer's  means  have  allowed  him  to  provide  for  those  nearest  and  dearest 
to  him. 

3.  The  consultant  physician  and  surgeon,  a  class  to  which  a  defined  position  had 
already  been  allotted  in  foreign  armies,  entered  the  Service  under  such  indefinite  condi- 
tions as  can  never  again  occur.  It  seems  incredible  that  no  actual  scheme  of  duties 
should  have  been  assigned  to  the  consultant  in  the  reorganization  of  the  Medical  Service 
which  followed  the  South  African  War  :  prospective  duties  of  which  so  broad  an  outline 
has  been  sketched  by  the  late  Director-General  of  the  Army  Medical  Service  in  the  pages 
of  this  journal  *: — 

They  set  the  sco|)e  and  standard  of  practical  work  and  scientific  investigation.  The 
Administration  relies  on  tfiem  for  the  fixing  of  surgical  |K)licy.  The  responsibilities  of  these 
officers  are  great  ;  their  etticiency  is  proportional  to  their  own  appreciation  of  their  powers. 
They  determine  whether  the  means  at  the  dis|K>sal  of  the  hospital  surgeons  are  adequate  or 
not.  They  sui)ervise  the  operations  and  approve  the  operators,  so  that  upon  them  depends 
whether  or  not  all  that  is  best  in  British  surgery  is  available  for  the  soldier.  .  .  .  Nothing 
less  than  the  almost  complete  transference  of  responsibility  for  the  surgery  of  the  war  to 
s|>ceial  officers  can  satisfy  the  conditions. 

None  the  less,  it  remained  for  the  consultant  officer  at  the  commencement  of  the  war 
to  feel  his  way  into  the  position,  although  cordiajly  and  heartily  helped  by  those  in 
authority,  both  at  the  War  Office  and  in  the  field. 

Never  before  has  the  specialist  played  such  a  prominent  part  in  the  field  of  war, 
neither  could  the  train  of  inconsistencies  which  has  attended  his  utilization  have  been 
foreseen.  On  the  one  hand,  those  to  whom  work  of  a  general  character  happened  to  be 
assigned  were  often  anxious  to  develop  special  departments  galore ;  while,  on  the  other 
hand,  some  of  those  restricted  to  the  performance  of  the  work  of  their  own  choice  craved 
for  a  wider  sphere  of  action.  The  latter  is  perhaps  readily  intelligible,  for  the  joy  of 
emancipation,  when  the  opportunity  of  engaging  in  more  general  work  offers,  to  the 
man  whase  time  may  be  divided  between  operating  for  adenoid  vegetations  and  chipping 
away  fragments  of  the  mastoid  bone,  or  to  the  ophthalmologist  whose  main  duties  may 
consist  in  removing  damaged  eyeballs  or  determining  errors  of  refraction,  can  be  easily 
conceived.  Even  the  gynaicologist,  with  his  ever  increasing  operative  opportunities  in 
civil  life,  has  been  not  unwilling  to  devote  his  operative  skill  and  energies  to  another  sex 
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and  a  wider  territorj-  on  the  human  frame.  Let  it  be  said,  however,  that  no  recruits  to 
the  field  of  general  sui^erj^  have  more  amply  justified  their  ambitions,  or  more  readily 
fallen  in  with  the  exigencies  of  the  situation,  than  the  specialists. 

4.  Lastly,  we  have  the  man  of  pure  science — the  physiologist,  the  pathologist,  or  the 
philosopher.  The  position  of  these  workers  has  been  unique  ;  never  before  have  they 
met  the  practising  doctor  in  such  broad  and  intimate  association,  with  corresponding 
opportunities  of  disseminating  their  knowledge,  of  utilizing  its  practical  application,  and 
of  inducing  habits  of  thought  and  reflection  in  the  mass  of  the  profession. 

Let  us  now  turn  to  a  cursor\-  consideration  of  the  work  that  has  had  to  be  imdertaken. 
The  subject  of  administration  has  been  dealt  with  in  these  pages  in  the  paper  already 
referred  to.  It  suffices,  therefore,  to  make  the  bald  statement  that  without  good 
administration  good  surgery  is  an  impossibility.  At  the  same  time  the  two  are 
interdependent,  since  the  methods  and  de\ices  of  the  surgeon  may  determine  great 
administrative  issues,  such  as  questions  of  transport  of  the  wounded,  or  the  f)ossibility 
of  rapid  return  of  men  to  their  units  in  the  line.  The  surgeon  may  fairly  claim  to 
have  done  much  to  solve  many  knotty  problems  in  this  direction,  and  to  have  well 
fulfilled  his  share  of  duties  of  enormous  importance  to  the  efficiency  of  the  fighting 
machine. 

It  is  notorious  that  medical  staff  work,  and  the  administration  of  medical  units,  have 
been  carried  out  with  conspicuous  success  during  the  entire  course  of  the  campaign.  For 
this  result  the  coimtrv'  is  indebted  to  the  officers  of  the  Royal  Army  Medical  Corps,  who 
have  abundantly  justified  the  efficient  prospective  preparation  and  training  instituted 
and  maintained  during  the  years  subsequent  to  the  reorganization  which  followed  the 
South  African  War.  In  the  matter  of  medical  imits,  however,  it  has  been  a  striking 
object  lesson  to  obser\-e  the  efficiency  with  which  many  have  been  organized  and 
administered  by  ci^^lian  practitioners,  the  majority  composed  of  men  who  had  pre\iously 
undergone  training  in  the  Territorial  Royal  Army  Medical  Corps.  Many  of  these  latter, 
indeed,  have  administered  their  units  in  as  faultless  a  manner  as  the  best  regular  officer  : 
exliibiting  capacity  for  organization,  the  fiaculty  of  ready  improvisation,  and  power  to 
meet  imexpected  difficulties,  which  has  excited  the  greatest  admiration  and  respect  fix>m 
their  ci\-ilian  brethren.  Beyond  these  previously  trained  officers,  the  practical  experience 
of  war  has  developed  the  faculty  of  military  hospital  administration  in  not  a  few  purely 
civilian  practitioners  to  whom  the  subject  had  been  hitherto  absolutely  unfamiliar,  and 
many  of  these  also  have  proved  themselves  second  to  none. 

The  aptitude  for  administrative  duties,  and  indeed  the  earnest  desire  to  undertake 
them,  has  been  a  somewhat  unexpected  revelation  in  the  ranks  of  the  civil  profession. 
The  phenomenon  may  be  put  down  in  part  to  the  sense  of  relief  engendered  in  many 
men  by  a  change  of  daily  routine  ;  in  part,  perhaps,  to  the  satisfaction  of  assuming 
duties  the  regulations  for  which  have  been  set  down  with  such  exactitude  that  it  is 
possible  to  carrv'  them  out  without  error  or  imdue  worry;  or,  again,  to  the  fact  that 
to  a  certain  number  of  men  a  position  which  entails  the  personal  control  of  others 
always  makes  an  appeal.  Moreover,  this  craving  for  administrative  power  has  not 
been  confined  to  any  particular  group  of  the  men  engaged,  but  is  met  with  amongst  all 
classes. 

Before  proceeding  to  a  brief  review  of  the  nature  and  results  of  the  surgical  work 
actually  performed,  it  may  be  worth  while  to  inquire  how  far  either  the  civil  or  the  military 
surgeon  was  prepared  to  imdertake  successfully  the  treatment  of  gunshot  injuries  of  the 
nature  they  have  been  called  upon  to  deal  with. 

The  sequence  of  events  in  this  matter  has  assumed  an  oft-rep>eated  tv-pe.  The  most 
modem  observations  in  militarv-  surgerv*  on  which  reliance  was  placed  related  almost 
solely  to  wounds  inflicted  by  bullets  of  small  caUbre  of  a  particular  kind.  The  nature  of 
these  wounds  was  well  imderstood,  as  also  their  comparatively  innocuous  character, 
provided  the  soft  parts  of  the  body  alone  were  affected.  This  knowledge  was  founded  on 
direct  observations  made  on  wounded  men ;  and  the  variations  likely  to  accrue  from  the 
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altered  ballistic  qualities  of  the  pointed  bullet  had  been  foreshadowed  both  by  experi- 
mental invest ij^at ion  and  the  limited  experience  gained  from  the  Russo-Japanese  and 
Balkan  Wars.  The  expectation  of  having  to  deal  with  wounds  of  limited  extent,  prone 
to  heal  s|K)ntaneously  without  any  active  surgical  aid,  consequently  dominated  the  views 
of  the  military  surgeon  at  the  commencement  of  the  campaign. 

It  cannot  be  said  that  experience  regarding  the  primary  nature  and  subsequent 
course  taken  by  wounds  caused  by  bullets  of  small  calibre  has  in  any  way  deviated  from 
that  ol)served  in  previous  wars,  except  in  the  one  important  particular  that  more  frequent 
irregidar  impact  of  the  pointed  bullet  has  occasioned  the  occurrence  of  a  larger  proportion 
of  wounds  in  which  the  degree  and  extent  of  contusion  of  tissue  is  increased. 

Our  preliminary  deficiencies  lay  in  the  fact  that  we  allowed  it  to  be  necessary  to 
rediscover  for  ourselves  what  our  grandfathers  and  great-grandfathers  could  have  taught 
us  :  the  terrible  nature  of  injuries  produced  by  fragments  of  shells  and  bombs — charac- 
terized at  the  present  day  by  a  still  greater  degree  of  destruction  of  tissue  as  a  result  of 
the  introduction  of  high  explosives.  We  were  well  aware  that  wounds  caused  by  bullets 
of  small  calibre  healed  easily,  but  we  also  knew  "  that  shell  wounds,  with  the  exception 
of  tracks  caused  by  clean  leaden  shrapnel  balls,  always  suppurated,"  in  spite  of  the  fact 
that  patients  suffering  from  either  shell  or  bullet  wounds  might  be  exposed  to  identical 
conditions  and  surroundings.*  Our  shortcoming  lay  in  the  fact  that  we  appreciated 
neither  the  number  of  shell  wounds  we  should  have  to  deal  with,  nor  their  gravity 
and  extent. 

ITie  second  problem  that  awaited  us  was  the  suitable  application  of  the  principles  of 
wound  treatment.  Better  instructed  than  our  forefathers  as  to  the  actual  causes  of  the 
accidents  and  complications  which  may  interfere  with  the  physiological  process  of  repara- 
tion, in  civil  surgery  we  had  developed  a  system,  on  the  groundwork  of  the  principles 
laid  down  by  Pasteur  and  Lister,  by  which  wound  infection  is  avoided  and  reliance  placed 
solely  on  the  natural  processes  of  the  body. 

It  may  be  fairly  claimed  that  in  civil  practice  the  aseptic  system  has  ensured  better 
average  results  than  had  ever  before  been  attained,  and  upon  this  system,  with  certain 
minor  antiseptic  additions,  the  military  surgeon  proposed  to  rely.  The  gross  nature  of 
the  infections  met  with,  however,  led  in  the  first  instance  to  failure  in  the  methods 
employed,  although  time  has  shown  that  the  failure  was  really  the  result  of  their  imperfect 
application.  Primary  failure  was  followed  by  an  eager  grasping  at  chemical  antiseptic 
media,  employed  with  the  object  of  retarding,  controlling,  or  arresting  the  progress  of  the 
process  of  infection.  A  fresh  evolution  of  successive  steps  commenced,  ending  in  a  definite 
separation  of  the  methods  of  dealing  with  infected  and  non-infected  wounds  respectively, 
and  in  renewed  reliance  on  the  normal  process  of  spontaneous  repair,  together  with  a 
conviction  that  chemical  media  deal  only  with  organisms  developing  on  the  surface  of 
the  wound.  Further,  that  infection  of  the  tissues  can  be  best  arrested  by  mechanical 
removal  of  the  infected  area,  adding  as  precautionary  measures  excision  of  devitalized 
tissue  capable  of  forming  a  suitable  nidus  for  bacterial  growth,  and  such  arrangement 
of  the  wound  as  will  prevent  retention  of  body  fluids  likely  to  form  a  favourable  culture 
medium. 

Thus,  as  the  outcome  of  patient  effort,  a  rational  standpoint  has  been  attained,  and 
certain  definite  conclusions  arrived  at  :  (1)  That  effective  primary  disinfection  of  a  gun- 
shot wound  should  be  mechanical  in  nature,  and  that  if  this  procedure  be  radical,  such  a 
wound  (provided  that  treatment  be  undertaken  sufficiently  early  and  amidst  satisfac- 
tory- surroundings)  may  be  closed  as  safely  as  a  wound  entailed  by  a  surgical  operation. 
(2)  That  in  view  of  the  many  difliculties  which  may  accompany  military  surgery,  primary 
closure  of  the  wound  is  often  better  replaced  by  the  so-called  delayed  method,  i.e.,  closure 
at  the  end  of  three  or  four  days.  (3)  That  attainment  of  a  sterile  surface,  and  subsequent 
closure  of  primarily  infected  wounds,  may  be  promoted  and  hastened  bj'  the  employment 

*  Makins,  Surgical  Experiences    in  South   Africa,  first  edition,  p.  486. 
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of  suitable  antiseptic  media  ;  also,  that  the  antiseptic  method  is  particularly  valuable 
as  a  means  of  ensuring  the  possibility  of  early  secondary  closure  of  granulating  wounds 
— the  type  of  closure  applicable  to  gunshot  injuries  in  almost  any  circumstances,  and 
hence  the  most  valuable  of  all. 

■  Passing  from  the  subject  of  general  principles,  it  may  be  asked  how  far  the  surgery 
of  the  future  is  likely  to  be  influenced  by  the  enormous  experience  gained  in  the  treatment 
of  gunshot  injuries. 

A  deeper  and  more  practical  interest  has  been  taken  in  such  matters  as  the  nature 
and  treatment  of  shock  and  haemorrhage,  and  attempts  to  deal  with  these  conditions  by 
intravenous  administration  of  drugs  and  by  the  transfusion  of  blood  have  been  under- 
taken on  a  scale  far  beyond  anything  that  has  been  practicable  before.  These  methods, 
although  still  in  the  balance,  have  received  strenuous  support  from  many  quarters,  and 
it  is  reasonable  to  assume  that  progress  has  been  made. 

The  treatment  of  compound  fractures  has  occupied  a  verj-  prominent  position.  The 
observation  of  a  large  accumulation  of  imperfect  results  obtained  in  the  surgery  of  war 
has  only  confirmed  the  unsatisfactory'  experience  as  to  interference  with  function  which 
had  been  already  acquired  when  opportunity  was  taken  to  examine  the  ultimate 
results  of  fractures  in  general  amongst  any  large  body  of  men,  such  as  the  police  force. 
Here,  as  in  so  many  other  directions,  the  urgent  need  for  national  economy — in  the  most 
important  direction  for  the  future  of  the  empire,  economy  in  man-power — has  deeply  and 
favourably  influenced  surgical  practice,  and  realization  of  the  importance,  not  only  of 
returning  men  to  the  line,  but  also  of  conserving  useful  if  not  physically  perfect  citizens, 
has  been  more  and  more  impressed  upon  surgeon  and  administrator  alike.  There  can  be 
no  doubt  that  methods  of  transport,  of  discriminating  primary-  treatment  of  the  wound, 
of  immobilization,  and  of  rational  after-treatment,  have  received  an  impetus  which  will 
exert  a  j>ermanent   influence  on  the  surgery  of  the  future. 

Wounds  of  the  great  articulations  constituted  a  perplexing  problem  ;  but  while  the 
power  of  the  synovial  membrane  to  deal  spontaneously  with  infection  has  been  more 
generally  recognized,  and  has  resulted  in  more  rational  views  as  to  primary  closure  of  the 
joint  cavity ;  and,  in  the  case  of  suppurating  joints,  in  dealing  when  possible  with  the 
cavity  of  the  articulation — that  is  to  say,  a  well-bounded  space — before  the  extra-articular 
structures  are  involved  in  the  infection,  the  general  lines  of  treatment  have  only  been 
brought  into  consonance  with  those  which  have  guided  the  civil  surgeon  for  many  years. 
Again,  experience  gained  of  the  results  of  primary  and  secondary  excisions  of  the  joints  has 
been  but  a  repetition  of  that  of  the  civil  surgeon  in  the  treatment  of  infected  joints  met 
with  in  connection  with  injuries,  acute  infections  of  the  bones,  or  in  tuberculous  disease. 
A  disposition  to  resort  freely  to  excision  has  been  followed  by  a  reaction  in  favour  of 
expectant  methods,  imposed  by  observation  of  the  ultimate  results  of  the  more  radical 
procedure. 

Extended  observation  of  methods  of  treating  wotmds  of  the  large  blood-vessels  and 
their  after-consequences,  has  led  to  increasing  confidence  in  a  more  active  attitude  in 
either  the  early  or  later  stages,  and  to  a  more  general  development  of  operative 
technique  in  the  attempt  to  effect  repair  rather  than  to  proceed  at  once  to  occlusion 
of  a  main  trunk.  Ideal  results,  however,  can  hardly  be  said  to  be  conmfion,  since 
ultimate  thrombosis  of  sutured  vessels  has  occurred  in  a  considerable  proportion  of 
instances,  and  it  still  remains  doubtful  how  fiar  improvement  in  technique  will  obviate 
this  disappointing  termination,  when  dealing  with  the  contused  injuries  resulting  from 
gunfire.  One  great  principle  of  pre-war  surgerv^  has  been  practically  reversed,  as  evidence 
has  been  furnished  that  simultaneous  ligature  of  the  satellite  vein  accompanying  a  large 
artery  is  to  be  preferred  to  that  of  the  arter>-  alone.  Again,  the  adaptation  by  Tuffier 
of  Carrel's  method  of  temporarily  maintaining  the  circulation  in  a  divided  artery  by  the 
introduction  of  a  junction  tube  between  the  separated  ends,  in  order  to  gain  time  for  a 
gradual  increase  of  the  collateral  circulation,  will  form  a  permanent  addition  to  the  resources 
of  the  surgeon. 
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Active  intervention  in  injuries  of  tlie  central  organs  of  the  nervous  system  has  been 
enriched  by  the  intnxluction  of  many  technical  details,  but  little  change  in  general 
principles  lias  Ihhmi  evolved.  The  main  subject  of  argument  and  contention  has  consisted 
in  determining  tlie  most  suitable  moment  for  intervention  by  the  surgeon.  The  chief  gain 
in  this  field  has  been  furnished  by  the  labours  of  the  neurologist,  which  have  resulted  in 
an  increase  of  knowledge  which  must  prove  of  the  utmost  value  in  the  future  both  in  the 
investigation  of  disease  and  in  regulating  the  intervention  of  the  surgeon.  Knowledge  of 
syniptomatolog>-,  and  of  the  indications  for  immediate  or  late  treatment  of  injuries  to 
the  peripheral  and  sympathetic  nerves,  is  steadily  increasing,  and  in  this  field  a  permanent 
advance  seems  fully  assured. 

Perhaps  the  most  far-reaching  development  is  that  met  with  in  the  treatment  of 
injuries  involving  the  thoracic  cavity.  It  is  of  interest  to  recall  the  grounds  upon 
which  this  has  been  evolved.  First,  upon  observation  of  the  favourable  course  taken 
in  a  certain  proportion  of  the  gross  injuries  in  which  the  cavity  of  the  thorax  had  been 
laid  open,  and  the  conviction  gained  that  the  more  frequent  fatal  issues  depended  upon 
consequent  infection  of  the  cavity  rather  than  upon  the  primary  gravity  of  the  trau- 
matism. Secondly,  upon  confirmation  of  the  views,  so  ably  put  forth  by  Macewen,  that 
artificial  arrangements  for  the  maintenance  of  respiration  are  unnecessary  in  dealing  with 
the  opened  thoracic  cavity.  Although  the  rules  guiding  intervention  in  cases  of  injury  to 
the  chest  may  still  require  some  regularization,  the  experience  gained  of  the  value  of 
operative  mea.sures  in  properly  selected  cases,  and  the  safety  with  which  they  may  be 
carried  out,  prove  that  a  large  field  has  been  opened  up  to  the  civil  surgeon  in  the  future. 

One  of  the  most  striking  triumphs  attained,  the  establishment  of  an  active,  in  place  of 
an  expectant,  attitude  in  the  presence  of  injuries  to  the  hollow  abdominal  viscera,  will 
hardly  affect  the  future  of  abdominal  surgery  beyond  the  confines  of  military  service  ;  it 
is  a  triumph  of  the  military  surgeon  over  prejudice  and  the  former  imperfect  application 
of  rules  that  had  long  guided  the  civilian  practitioner  ;  but  for  the  wounded  soldier  the 
change  of  view  which  has  been  attained  must  be  regarded  as  an  inestimable  boon. 

The  general  conclusion  which  is  to  be  drawn  from  the  results  obtained  is  mainly  to 
the  effect  that  military'  and  civilian  practice  have  been  drawn  into  closer  conformity. 
The  false  but  widely  enough  entertained  view  that  there  is  something  special  in  gunshot 
wounds,  and  that  they  require  a  surgery  of  their  own — beyond  the  facts  that  tissue 
destruction  is  great,  that  a  great  proportion  are  grossly  dirty,  and  that  the  surroundings 
and  equipment  may  be  in  some  cases  totally  unsuitable  for  operative  intervention — has 
been  proved  to  be  incorrect. 

This  brief  review  of  the  probable  general  effects  of  the  surgery  of  the  present  campaign 
on  military'  and  civil  practice,  leads  up  to  another  important  issue  which  has  been  brought 
to  the  forefront  by  the  administration  of  the  Medical  Service  of  the  War.  This  question 
cannot  be  l>etter  introduced  than  by  a  quotation  from  the  Introduction  to  the  fourth 
volume  of  this  Journal,  on  "  Surgical  Organization  in  War  '*  *  : — 

If  we  cast  our  regards  around  us,  we  find  a  tendency  more  and  more  to  classify  the  wounded 
into  groups,  demanding  ex|)erts  in  s|)ecial  branches  of  knowledge  for  each  class.  This  is 
inevitable,  and  suggestive  of  changes  in  the  future.  The  system  has  not  been  in  the  first  place 
desigrieti,  nor  established  of  set  purjKise.  It  has  evolved,  and  the  advantages  are  so  apparent 
that  it  has  tn-en  enetiurag^d  .  .  .  Its  educative  value  is  enormous,  and  it  offers  unique 
op|»ortunities  for  research.  Unlike  many  other  tendencies,  there  are  no  administrative 
objections  to  it,  and  it  can  be  suffered  to  grow  and  flourish  without  the  production  of  a 
narrow  specialism. 

It  may  be  at  once  agreed  "  that  there  are  no  administrative  objections  to  the  system," 
and  we  may  go  further  and  assert  that  administrative  considerations  are  those  which  have 
carried   the   main   weight   in   its   introduction,   in   much   the   same   way   that   financial 

*  Loc.  cit.  p.  7. 
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considerations  bear  a  far  from  insignificant  part  in  furthering  the  growing  tendency  of 
late  years  to  the  increase  of  speciaUsm  in  ci\'il  practice. 

To  a  limited  extent  specialism  is  rational  and  inevitable.  This  has  been  fully  recog- 
nized in  specialities  which  demand  particularly  fine  technical  detail,  such  as  the  surgery 
of  the  eye,  the  ear,  or  the  throat.  Methods  of  investigation  and  meticulous  operative 
technique,  demanding  prolonged  training,  and  capable  of  utilizing  an  enormous  field  for 
practical  exercise,  have  justified  and  indeed  rendered  necessarj'  the  establishment  of 
these  departments  in  medicine,  and  even  of  hospitals  devoted  solely  to  their  particular 
objects.  The  segregation  of  the  patients  in  special  hospitals,  however,  is  purely  a 
question  of  administration  and  convenience,  and  not  the  outcome  of  actual  medical  or 
surgical  requirements  ;  moreover,  such  hospitals  are  supplemented  by  special  depart- 
ments in  the  general  hospitals  which  the  general  surgeon  and  specialist  alike  would  see 
relinquished  with  regret.  Specialism  in  these  directions  must  be  regarded  not  only  as 
an  advantage,  but  also  as  a  necessity  ;  but  if  the  specialist  is  to  retain  his  highest 
degree  of  efficiency  and  utility,  his  relation  with  his  colleagues  in  general  medicine 
and  surgery  cannot  be  too  intimate,  and  it  is  undeniable  that  the  broader  the  general 
culture  the  specialist  possesses  the  greater  will  be  his  efficiency  even  in  his  chosen 
department. 

The  speciaHsm  bom  of  militar\'  administration  stands  on  a  far  different  basis,  and 
in  the  interests  of  the  surgery  of  injuries  it  will  be  nothing  less  than  deplorable  if,  for  the 
future,  diseases  and  injuries  are  to  be  classified  into  groups  demanding  experts  in  special 
branches  of  knowledge  for  each  class.  We  may  first  note  the  natural  result,  dependent 
upon  the  common  tendency  of  human  nature.  The  surgeon  who  does  not  expect  to  be 
called  upon  to  treat  any  particular  disease  or  injurj'  loses  interest  in  the  subject,  and 
becomes  either  less  capable,  or  incompetent,  to  deal  with  it ;  hence  his  breadth  of  view 
and  general  efficiency  tend  to  narrow  in  ever>-  direction  in  which  a  new  so-called  s|>eciality 
is  set  up.  The  specialist  himself  is  liable  to  become  still  more  restricted  in  outlook,  unless 
he  be  a  man  of  unusual  energj'  and  determination.  Limitation  to  a  narrow  field,  while 
it  may  provide  the  opportunity  for  the  development  of  technical  facility,  on  the  other  hand 
obstructs  the  entrance  of  the  many  sidelights  which  may  illuminate  the  special  province 
if  the  surgeon  be  engaged  in  general  work  at  the  same  time. 

The  historv'  of  surgerv'  shows  clearly  enough  that  if  the  science  is  to  continue  to 
progress  and  develop  on  broad  and  comprehensive  lines,  the  advance  must  be  the  result 
of  the  efforts  of  the  general  surgeon,  and  not  of  men  whose  energies  are  directed  and  views 
confined  solely  to  one  small  area  of  the  human  frame.  To  whom  for  instance  are  we 
indebted  for  the  evolution  of  the  true  principles  of  woimd  treatment  ?  To  Hunter  and 
to  Lister,  men  whose  sympathies  extended  over  the  widest  area.  Note  the  catholicity  of 
Astley  Cooper,  although  his  name  is  now  principally  remembered  by  his  special  work  on 
fractures  and  dislocations.  The  surgery  of  the  stomach  owes  its  genesis  to  BUlroth  ;  that 
of  injuries  of  the  intestines  to  A.  Cooper  and  J.  Croft ;  that  of  the  kidney  to  Morris  and 
Lucas  ;  that  of  the  central  nervous  system  to  Macewen  and  Horsley  ;  ovariotomy — the 
precursor  of  the  later  triumphs  of  abdominal  surgerv' — to  Spencer  Wells  ;  the  plastic  surgery 
of  the  palate  to  W.  Fergusson  :  all  general  surgeons  in  the  proper  sense  of  the  term.  A 
mere  glance  at  these  names  raises  another  aspect  of  the  question  ;  a  general  surgeon  who 
shows  aptitude  in  dealing  with  any  special  class  of  case  becomes  in  a  sense  a  specialist 
in  spite  of  himself ;  either  in  hospital  work  or  in  private  practice  he  will  have  little  choice 
but  to  deal  with  the  class  of  disease  which  his  fellow  practitioners  see  fit  to  send  to  him. 
This  form  of  specialism  should  suffice,  and  may  indeed  represent  the  ideal  from  the  point 
of  view  of  the  patient,  although  it  may  by  no  means  always  meet  with  the  same 
sympathy  and  content  on  the  part  of  the  surgeon  concerned. 

The  tendency  to  develop  specialism  on  military  lines  is  of  a  far  more  stringent 
character.  We  find  a  specialist  for  the  treatment  of  fractured  jaws  ;  another  for  fractures 
of  the  thigh  ;  and,  strange  inconsistency,  we  meet  with  a  third  department,  that  of 
orthopaedics — for  which  a  special  course  of  a  few  months  in  some  instances  suffices  to 
quaUfy — claiming  almost  the  whole  field  of  the  surgerv*  of  injuries.      From  an  adminis- 
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trative  point  of  view  in  dealing  with  the  huge  accumulation  of  the  casualties  of  war,  the 
convenience  of  such  a  system  may  be  allowed,  as  also  that  it  has  been  attended  with  a 
considerable  measure  of  success,  and  benefit  to  the  soldier.  On  the  other  hand,  when 
the  i>eculiar  conditions  of  -war  are  ended,  the  segregation  of  patients  scattered  over 
the  entire  Unite*!  Kingdom  to  such  a  degree  is  impracticable  ;  therefore,  while  the 
experience  gained  by  the  system  may  be  of  value,  its  continuance  is  undesirable  as 
well  from  the  administrative  as  other  points  of  view.  Come  what  may,  the  great 
mass  of  the  population  nuist  be  cared  for  by  the  local  surgeon  and  general  prac- 
titioner ;  and  the  proper  policy  of  the  future  is  to  enlarge  the  opportunities  open 
to  these  men  of  obtaining  experience,  and  to  provide  them  with  ample  means  and 
facilities  for  carrying  out  any  form  of  treatment,  and  not  to  seek  to  limit  their  range  of 
thought   and   action. 

In  centres  of  medical  education,  the  segregation  of  various  classes  of  case  in  separate 
wards  may  be  useful  for  purposes  of  instruction,  but  this  should  not  require  also  the 
appointment  of  a  specialist  in  the  narrow  sense  of  the  term.  Every  general  surgeon  has 
special  aptitudes  and  predilections,  as  has  been  abundantly  shown  in  the  past,  and  it  is 
in  this  direction  that  special  instruction  should  be  sought  for  and  provided.  Individual 
surgeons  may  vary  in  their  ability  to  perform  faultlessly  any  particular  operation  ;  but 
this  in  no  way  affects  the  more  important  questions  of  scientific  knowledge  and  insight, 
and  of  their  capability  of  making  advances  in  the  investigation  or  elucidation  of  problems 
raised  by  the  disease  or  injury  for  which  the  operation  may  be  needed.  Is  it  possible  to 
imagine  a  school  which  is  to  produce  the  ideal  physician  or  surgeon  presided  over  by  a 
collection  of  specialists  ?  For  the  future  of  surgical  science  no  less  than  for  the  dignity 
of  the  profession,  let  the  professor  remain  a  surgeon,  and  not  descend  to  the  position 
of  a  stomatologist,  a  urologist,  or  a  proctologist. 

To  pass  from  the  vexed  question  of  specialism,  we  may  next  briefly  consider  what  is 
likely  to  be  the  effect  of  military  life  and  experience  on  the  individual  surgeon,  and  on  the 
surgical  calling  as  a  whole.  Certain  influences  must  be  wholly  to  the  good,  others  may 
be  regarded  as  uncertain  in  their  ultimate  effect. 

The  first  and  one  of  the  most  important  is  the  intimate  connection  which  has  been 
established  between  workers  in  pure  science  and  in  the  practice  of  surgery.  The  man 
of  science  has  been  living  under  the  same  roof  and  under  the  same  conditions  as  the 
surgeon,  and  both  socially  and  professionally  an  intimacy  of  relation  has  obtained  such 
as  has  never  |)reviously  existed  between  them.  Never  before  have  the  physiologist  and 
the  |>athologist  conie  into  such  close  contact  either  with  the  practitioner  or  the  patient — 
with  the  result,  it  may  be  ventured  to  say,  of  humanizing  the  man  of  science,  and  at  the 
same  time  of  allowing  the  practitioner  to  drink  more  freely  and  intelligently  of  the  stream 
of  knowk'dge  which  the  laboratory  worker  is  in  a  position  to  pour  out.  By  an  imexpected 
course  of  events,  consecjuent  on  the  special  nature  of  the  warfare,  the  hospital  ward  has  . 
become  the  chief  department  in  the  laboratory  of  the  man  of  science,  and  the  surgeon 
his  main  collaborator.  The  chief  source. of  difficulty  in  ensuring  the  most  useful  lines  of 
work  exiK-rienced  in  laboratories  unattached  to  institutions  for  treatment  of  the  sick  has 
thus  l)een  eliminated.  The  scientist  has  been  able  to  observe  the  direct  results  of  the 
adoption  of  his  reconmiendations,  while  the  surgeon  has  not  had  blindly  and  submissively 
to  put  in  f)ractice  methods  as  to  the  evolution  of  which  he  has  been  more  or  less  ignorant. 
These  circumstances  afford  an  illustration  of  a  method  of  broadening  surgical  views  in 
singular  contrast  to  the  trammels  imposed  by  recourse  to  specialization  in  the  treatment 
of  each  form  of  disease.  This  close  association  of  pure  science  and  surgery  is  one  of  the 
features  of  recent  military  work  the  persistence  of  which  in  times  of  peace  is  to  be  most 
earnestly  desired  antl  looked  forward  to,  as  likely  to  open  up  the  path  of  progress  in  the 
future. 

Other  instances  of  the  establishment  of  a  closer  relationship  are  not  wanting,  as,  for 
instance,  that  of  the  consulting  physician  and  surgeon.  It  cannot  be  denied  that  in  many 
cases  the  long-existing  relationship  between  these  two  great  branches  of  the  profession  has 
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become  of  late  years  somewhat  less  intimate,  principally  perhaps  as  a  result  of  a  feeling 
on  the  part  of  the  surgeon  that  the  physician  was  not  always  in  sympathy  with  some  of 
the  more  active  methods  of  modem  surgical  treatment  of  disease.  The  entrance  of  the 
consulting  physician  into  the  domain  of  military'  work  has  done  much  to  correct  this 
feeling,  and  in  fact  in  some  fields  the  physician  has  proved  even  more  active  in  his  \iews 
than  his  surgical  colleague. 

The  consultant  has  never  enjoyed  a  better  opportunity  of  appreciating  the  breadth 
of  knowledge  of  medicine  and  of  human  nature  |K)ssessed  by  the  general  practitioner,  or 
of  seeing  illustrated  the  mutual  understanding  which  should  exist  between  doctor 
and  patient.  Under  no  circumstances  can  the  bond  of  sympathy  be  greater  than  that 
which  exists  between  the  wounded  s-oldier  and  the  surgeon  on  active  ser\ace,  since  they 
are  brothers  indeed,  stri\ing  side  by  side  for  the  same  object  and  imder  the  same 
conditions  of  life.  The  countrj-man  has  perhaps  seen  a  truer  picture  of  the  consultant, 
separated  from  the  normal  surroundings  of  either  hospital  or  social  life,  and  has  found 
him  a  man  of  simple  tastes  enough,  and  not  unwilling  to  put  his  hand  to  duties  which 
a  dresser  might  shirk  if  possible.  Even  the  almost  comic  rearrangement  of  the  professional 
standing  of  the  older  and  younger  men,  much  irritation  as  it  sometimes  occasions,  may 
not  have  been  in  all  ways  a  disadvantage  :  seniors  have  re\ived  their  recollections  of 
their  own  junior  life,  and  the  teacher  his  o«-n  ways  when  a  pupil,  while  wearied  minds 
have  been  si)urred  and  stimulated  by  contact  with  the  yoimg  and  fresh. 

In  fact,  the  general  intermingling  on  common  ground  and  under  identical  conditions 
of  ever>'  branch  and  grade  of  the  profession  can  hardly  have  failed  to  establish  a  better 
mutual  understanding  and  a  closing  up  of  the  ranks  which  should  have  a  persisting 
influence  on  the  body  jwlitic,  and  lead  to  an  increase  of  its  imijortance  and  dignity  in  the 
comnumity. 

The  influence  of  this  long  period  of  military  service  uiK>n  the  individual  siu-geon,  on 
Ids  aspirations,  his  mode  of  life,  and  his  future  destiny,  is  harder  to  appreciate  or  forecast. 
The  settled  practitioner,  removed  either  voluntarily  or  compulsorily  from  his  normal 
surroundings,  has  been  li\ing  through  a  *'  sort  of  interval  between  the  parts  "  on  the  stage 
of  life,  his  whole  aims  and  ambitions  interrupted,  and  placed  under  conditions  in  which 
the  common  responsibilities  of  life  are  either  diminished  to  a  negligible  degree  or  have 
vanished  completely.  The  period  of  suspension  has  been  indefinite,  the  duties  often  far 
diJBferent  from  those  for  the  fulfilment  of  which  his  scheme  of  life  had  been  planned.  To 
some  has  come  the  happy  chance  of  merely  shuffling  off^  uncongenial  shackles  of  existence  ; 
some  have  become  engaged  in  work  far  more  congenial  to  them  than  that  they 
left ;  others  are  constrained  to  perform  duties  for  which  they  have  no  liking  and  feel 
ill-adapted  ;  while  practically  all  enjoy  that  strange  sense  of  ease  accompanying 
diminished  jiersonal  responsibility,  and  inseparable  from  the  unfamiliar  despotism 
implied  by  the  magic  word  discipline,  under  the  influence  of  which  their  lives  are  now 
being  passed.  The  kaleidoscopic  re-arrangement  of  the  whole  profession  which  must 
result  when  normal  conditions  return  can  hardly  be  foreseen,  but  a  few  words  may  be 
devoted  to  the  possible  influences  which  may  specially  affect  the  practitioner  of  surgerj'. 

On  the  professed  surgeon  these  will  be  slight,  except  in  the  favourable  effect  likely  to 
foUow  a  break  in  routine,  the  freshening  of  thought  and  ambition,  and  an  increase  in 
general  breadth  of  ^^ew.  The  more  important  problem  will  arise  in  the  case  of  those 
who  up  to  the  advent  of  their  pjeriod  of  miUtarj-  serxice  either  entertained  no  surgical 
ambitions,  or  foresaw  no  opportimity  of  realizing  them  ;  or,  again,  in  those  at  whose  feet 
opportunities  have  fallen  at  the  ver\-  threshold  of  their  career  which  might  have  dazzled 
even  the  experienced  surgeon.  We  may  safely  assume  that  with  the  advent  of  peace  a 
large  proportion  of  the  men  of  either  of  these  classes  will  yearn  to  continue  the  surgical 
practice  in  which  they  have  been  engaged  during  the  war. 

Certain  conditions  calculated  to  make  this  the  more  easy  will  probably  be  found, 
such  as  the  wide  development  of  more  or  less  weU-equipp>ed  voluntary'  hospital  imits 
unwilling  to  suddenly  cease  their  acti\ities  ;  the  fact  that  it  will  be  long  before  the  surgical 
flotsam  and  jetsam  of  war  has  been  finally  disposed  of ;    and,  again,  the  circumstance  that 
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the  surgeon  will  return  with  a  reputation  of  having  been  actively  engaged  in  a   field   of 
surgery  offering  great  opiMirlunities  and  a  very  wide  scope  of  activity. 

It  may  be  aske<l  how  far  exixrience  gained  in  the  field  will  have  fitted  its  possessors 
to  engage  in  similar  work  under  the  conditions  obtaining  in  normal  civil  life.  To  some  of 
these  the  interest  will  be  in  surgery  as  a  science  ;  to  some  it  may  mean  no  more  than  the 
ea|)ability  and  opjM)rtunity  to  undertake  operative  work.  However  pure  may  be  the 
aspirations  of  the  surgeon,  it  cannot  be  gainsaid  that  the  operative  side  of  surgery  instinct- 
ively appeals  to  most  of  its  students  and  practitioners,  and  to  some  it  constitutes  the 
whole  end  and  aim.  The  power  of  relieving  mind  and  body  ;  the  possibility  of  eradicating 
disease  or  repairing  injury  ;  the  relations  wliich  a  successful  operation  may  establish 
between  surgeon  and  patient ;  the  knowledge  of  the  pathology  of  disease  which  may  be 
obtainetl  by  the  opportunity  of  investigation  during  life  ;  and  lastly,  the  material  gain 
which  may  accrue  to  the  surgeon  himself :  all  combine  to  render  operative  surgery  a 
fascinating  department  of  medicine — but  also  to  emphasize  the  necessity  of  maintaining  a 
proper  iierspective  in  the  use  of  the  knife.  VVliile  no  doubt  can  exist  that  the  foundations 
of  many  successful  surgical  careers  have  been  laid,  and  that  strictly  surgical  work  will  be 
more  widely  distributed  than  in  the  past,  yet  the  path  to  surgical  practice  in  time  of  peace 
and  under  normal  conditions  may  not  be  so  smooth  and  easy  as  it  has  appeared  when 
distantly  contemplated  during  the  quiet  intervals  which  the  military  surgeon  enjoys 
between  the  times  of  stress. 

Military  service  indeed,  while  of  the  highest  value,  yet  fails  to  supply  much  of 
the  training  and  experience  required  for  success  in  the  practice  of  surgery.  In  the 
first  place,  the  field  is  limited  in  many  directions.  The  patients  for  the  most  part  are 
young  and  healthy  men  ;  their  injuries  are  of  a  class  but  rarely  met  with  in  ordi- 
nary life,  and  their  treatment  is  undertaken  under  very  special  circumstances.  The 
military'  surgeon  works  under  conditions  very  unlike  those  of  peace.  Putting  aside  the 
l>ond  of  mutual  sympathy  which  life  in  the  field  does  so  much  to  encourage,  the 
intangible  and  far-reaching  influence  of  military  discipline  enters  into  every  issue.  A 
soldier  is  not  his  own,  his  every  act  is  conditional  on  the  will  of  his  superior  officer,  and 
consent  on  the  part  of  the  wounded  man  to  any  course  recommended  by  the  surgeon  is 
accepted  unhesitatingly  in  a  like  spirit.  Such  self-abnegation  might  be  thought  impossible  ; 
but  a  strange  feature  of  human  nature  surges  to  the  front  and  makes  it  far  easier  to 
understand  than  might  be  imagined,  even  bearing  in  mind  that  the  soldier  appears  to  think 
an  operation  the  only  form  of  treatment  that  can  put  him  right.  His  willingness  to 
submit  himself  depends  upon  the  same  relief  experienced  in  escaping  from  the  exercise 
of  personal  responsibility  which  permits  him  to  be  happy  and  contented  in  the  field 
although  torn  from  his  home  and  normal  surroundings,  and  which  passes  with  him  from 
active  duty  to  the  wards  of  the  hospital.  How  far  this  characteristic  may  persist  amongst 
old  comrades  in  the  army  it  is  difficult  to  say,  but  even  if  the  patient  remains  equally 
docile,  this  will  not  eliminate  the  influence  of  anxious  friends  upon  the  surgeon's  mind, 
and  questions  of  treatment  will  not  be  so  easy  of  determination  as  at  a  casualty  clearing 
station  or  a  hospital  on  the  Unes  of  communication.  It  must  be  appreciated,  too,  that 
the  work  in  military  hospitals  in  time  of  war  is  done  in  a  surgical  atmosphere  ;  the 
surgeon  is  free  from  ail  distractions  of  professional  worry  or  social  engagements  ;  it  is 
rare  that  serious  work  must  be  undertaken  except  in  close  association  with  others 
similarly  employed  ;  and  there  is  little  chance  of  the  sight  of  the  future  village  cripple 
troubling  the  walks  abroad  of  a  Charles  Bovary. 

The  last  remark  brings  into  prominence  one  of  the  most  unsatisfactory  features 
of  military  surgery  from  the  educational  jwint  of  view — the  impracticability  of  following 
cases  to  their  ultimate  issue,  and  in  a  great  majority  of  cases  the  impossibility  of 
obser\ing  more  than  a  limited  stage  of  the  treatment  of  any  particular  form  of  injury. 
Even  in  face  of  the  prolonged  f)eriod  that  war  has  persisted,  this  disappointing  feature 
has  not  l)een  eliminated,  although  great  pains  have  been  taken  to  attempt  to  obtain 
continuous  histories  by  a  system  of  correspondence,  and  efforts  have  been  made  to 
allow  surgeons  from   the  front  line  to  make  visits  to  the  hospitals  on  the  line  of  com- 
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miinication.  Continuous  observation  of  the  course  of  indi\adual  eases  has,  however,  been 
impracticable,  and  this  has  been  a  serious  disappointment  for  the  surgeons  concerned. 
The  consulting  surgeon  and  the  medical  meeting  have  played  important  parts  in  this 
direction,  but  even  here  the  arrangement  by  which  the  consulting  surgeons  work  on  parallel 
instead  of  radiating  lines  has  done  much  to  modify  the  advantages  that  might  have  been 
derived  from  their  presence.  In  their  respective  areas  the  consultants  have  done  much 
in  regularizing  and  diffusing  knowledge,  for  it  is  remarkable  that  the  same  odd  disinclina- 
tion of  men  belonging  to  neighbouring  units  to  visit  each  other  is  found  in  military' 
hospitals  in  the  field  as  in  a  town  at  home.  Our  colonial  and  American  colleagues  have 
also  done  much  to  break  in  upon  this  spirit  of  aloofness,  as  well  as  to  stimulate  our 
energies  in  many  directions. 

Near  or  distant  as  may  be  the  happy  moment  to  which  we  all  look  forward,  now  is 
the  time  for  meditation,  and  for  the  formation  of  plans  of  life  ;  and  if  this  desultory 
table-talk  sers-es  to  quicken  reflection,  it  will  not  have  been  set  down  in  vain.  Fortunate 
are  those  who  during  this  period  of  storm  and  stress  have  been  able  to  decide  upon 
the  life  they  hope  to  lead  ;  and  to  none  is  a  more  useful  prospect  likely  to  be  opened 
up  than  to  members  of  our  calling. 

George   H.    Makixs. 
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HENRY    CLINE. 

1750—1827. 

The  Cline  bequest,  after  the  lapse  of  three  generations,  has  at  last  come  into  the  possession 
of  the  Royal  College  of  Surgeons  of  England,  in  the  form  of  French  Rentes.  It  is  a  direct 
reminder  of  the  French  Revolution,  and  of  the  views  held  by  a  distinguished  contemporary 
English  surgeon  in  regard  to  that  great  upheaval. 

Henry  Cline  was  born  in  London  on  March  25,  1750,  and  was  educated  at  Merchant 
Taylors'  School,  in  Suffolk  Lane,  which  he  entered  in  1759,  the  headmaster  being  John 
Criche,  who  was  soon  afterwards  succeeded  by  James  Townley,  the  author  of  High  Life 
belmc  Stairs.  In  August,  1767,  Cline  was  apprenticed  to  Mr.  Thomas  Smith,  one  of  the 
surgeons  to  St.  Thomas's  Hospital,  for  the  statutable  period  of  seven  years.  This  appren- 
ticeship not  only  entitled  him  to  his  master's  teaching,  but  it  allowed  him  to  attend  as  a 
pupil  at  the  hospital,  and  gave  him  a  claim  to  a  surgical  post  at  St.  Thomas"  hospital 
in  the  event  of  a  vacancy.  The  position  of  surgeon  depended  nominally  upon  the  vote 
of  the  whole  body  of  governors  ;  in  reality  the  only  competitors  were  the  hospital  pupils 
who  had  served  their  apprenticeship  to  the  surgeons.  Cline  made  such  good  use  of  his 
opportunities  that  he  frequently  lectured  upon  anatomy  to  his  fellow  students  before  he 
was  out  of  his  indentures,  taking  the  place  of  Joseph  Else,  the  appointed  Lecturer  in  the 
School.  On  June  2,  1774,  he  was  admitted  a  member  of  the  Surgeons'  Company — the 
successor  of  the  United  Company  of  Barbers  and  Surgeons,  the  immediate  predecessor  of 
the  College  of  Surgeons  of  England.  In  this  year  he  says  :  "  I  had  the  happiness  of  hear- 
ing the  first  course  of  lectures  which  John  Hunter  delivered.  I  had  been  at  that  time  for 
some  years  in  the  profession,  and  was  tolerably  well  acquainted  with  the  opinions  held  by 
surgeons  most  distinguished  for  their  talents,  then  residing  in  the  metropolis  ;  but  having 
heard  Mr.  Hunter's  lectures  on  the  subject  of  disease,  I  found  them  so  far  superior  to 
everything  I  had  conceived  or  heard  before,  that  there  seemed  no  comparison  between 
the  great  mind  of  the  man  who  delivered  them  and  all  the  individuals,  whether  ancient 
or  modem,  who  had  gone  before  him."  This  is  a  remarkable  testimony  to  the  influence 
of  Hunter's  teaching  upon  the  more  receptive  minds  of  a  younger  generation,  trained  in 
the  older  school  of  surgery,  but  ready  to  advance  upon  the  new  road  shown  them  by  our 
great  master. 

In  1775  Cline  married  Miss  Webb,  and  took  a  house  in  Devonshire  Street,  E.C., 
moving  a  few  years' later  to  Jeffries'  Square,  St.  Marv'  Axe.  Joseph  Else  died  in  1781  ; 
Cline  was  appointed  Lecturer  on  Anatomy  and  Surgery  at  the  school  of  St.  Thomas's 
Hospital  in  his  place,  and,  as  was  then  the  custom,  bought  his  predecessor's  museum  and 
anatomical  preparations  of  the  executors.  In  December,  1784,  Thos.  Smith,  the  surgeon 
to  whom  he  had  been  apprenticed,  died,  and  Cline  succeeded  him.  He  was  thus  enabled 
to  receive  pupils,  and  amongst  the  first  to  be  sent  to  him  was  Astley  Paston  Cooper,  then 
a  lively  young  scapegrace  who  soon  strained  the  patience  of  his  uncle,  William  Cooper, 
surgeon  to  Guy's  Hospital,  to  whom  he  was  first  apprenticed.  Cline  exercised  a  control 
which  was  all  for  the  g(x)d  of  Cooper,  whom  he  soon  converted  into  a  hardworking  anatomist, 
thus  laying  the  foundation  of  his  future  greatness  as  a  surgeon.  Cline  himself  worked 
steadily  at  St.  Thomas's  Hospital  as  Lecturer  on  Anatomy  and  Surgery,  gaining  a  reputa- 
tion both  as  a  good  teacher  and  a  successful  operator.  Practice,  however,  came  slowly, 
and  he  did  not  consider  himself  firmly  established  until  he  had  arrived  at  the  age  of  forty- 
five.  From  this  time  onwards  his  income  increased  until,  at  the  age  of  60,  Sir  Astley 
Cooper  estimated  that  he  was  making  upwards  of  £10,000  a  year,  and  adds  that  it  might 
easily   have   been   much   more    if  he   had   been    less   fond  of  politics   and    farming.     On 
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November  11,  1793,  he  examined  Edward  Gibbon,  the  historian,  and  found  that  the 
swelUng  he  had  long  considered  a  hernia  was  in  reahty  a  hydrocele.  Cline  tapped  it,  and 
drew  off  160  ounces  of  fluid,  and  a  fortnight  later  he  tapped  it  a  second  time,  drawing  off 
120  ounces. 

In  1796  he  moved  to  Lincoln's  Inn  Fields,  then  the  fashionable  neighbourhood  for 
successful  surgeons,  and  on  July  7,  1796,  he  was  elected  a  member  of  the  Court  of  Assistants 
of  the  Surgeons'  Company,  in  place  of  William  Walker,  who  had  died  whilst  one  of  the  two 
wardens  of  the  corporation.  The  election  was  a  remarkable  one,  because  the  meeting  of 
the  court  at  which  it  was  made  put  an  end  to  the  legal  existence  of  the  Corporation  of 
Surgeons.  This  originated  from  the  following  circumstances  :  By  the  Act  of  Incorporation, 
18  (ieo.  II,  the  Court  of  Assistants  of  the  Company  was  to  consist  of  a  master  or  chief 
governor,  and  two  governors  or  wardens,  with  other  members,  of  whom  it  was  enacted  that 
the  master  and  one  warden,  together  with  one  or  two  ordinary  members,  should  form  a  Court 
for  the  dispatch  of  business.  On  this  occasion,  William  Walker,  one  of  the  governors, 
died  in  May,  1796 ;  the  other  governor,  John  Wyatt,  was  lying  blind  and  paralytic  in 
Warwickshire,  and  was  so  ill  that  it  was  impossible  to  move  him.  When  the  Court  met, 
therefore,  the  master — William  Cooper — and  some  of  the  other  assistants  were  present,  but 
not  one  of  the  governors  or  wardens  as  ordained  by  the  Act.  The  meeting  was  not  a  court 
legally,  but  those  present  proceeded  with  the  business,  and  elected  Cline  into  the  Court. 
The  legality  of  the  action  was  disputed,  counsel's  opinion  was  taken,  and  it  was  found  that 
the  Corporation  had  been  destroyed.  A  Bill  was  brought  into  Parliament  to  legalize  the 
action  of  the  Court,  but  was  thrown  out  in  Committee.  It  was  then  determined  to  apply 
for  the  establishment  of  a  new  body,  and  in  1800  a  charter  was  granted  by  King  GJeorge  III 
to  establish  a  College  of  Surgeons.  The  Surgeons'  Hall  in  the  Old  Bailey  was  sold,  and  the 
new  College  was  established  on  its  present  site  in  Lincoln's  Inn  Fields. 

In  1808  Cline  bought  some  land  at  Bound's  Green,  and  becoming  greatly  interested  in 
agriculture,  lost  much  time  and  money  in  its  pursuit.  In  politics  Cline  was  a  devoted 
adherent  of  Home  Tooke,  whom  he  attended  professionally  when  he  was  a  prisoner  in  the 
Tower,  and  afterwards  in  his  last  illness.  For  many  years  he  gave  an  anniversary  dinner 
to  Tooke's  friends  and  supporters  at  his  own  house  in  commemoration  of  Tooke's  acquittal. 
He  was  also  a  friend  of  John  Thelwall — the  political  agitator — and  showed  him  much 
kindness.  He  was  greatly  in  favour  of  the  French  Revolution,  and  by  his  influence  ^vith 
leading  men  in  Paris  secured  Astley  Coojier's  safety  during  a  three  months'  residence  there 
in  1792. 

In  1811  Cline  resigned  his  office  of  Surgeon  to  St.  Thomas's  Hospital,  and  was 
succeeded  in  it  by  his  son  Henry  Cline,  junior.  In  1815  he  became  Master  of  the  College  of 
Surgeons,  and  in  1823  he  was  re-elected  to  the  same  position,  which  was  now  called  by  the 
more  high-sounding  name  of  President.     He  died  on  Jan.  2,  1827. 

Cline's  reputation  has  been  somewhat  overshadowed  by  the  fame  of  his  pupil  and 
colleague.  Sir  Astley  Cooper  ;  yet  by  his  contemporaries  he  was  held  in  ver\-  high  esteem, 
both  as  a  man  and  a  surgeon.  As  an  operator  he  was  neat,  cool,  and  determined.  He 
seldom  praised,  and  never  censured  ;  the  kindness  of  his  disposition  induced  him  to  put 
the  most  favourable  construction  on  the  actions  of  others,  and  rendered  his  manners  pecu- 
liarly mild  and  conciliating.  He  was  never  eccentric  or  sarcastic,  and  to  him  vanity, 
arrogance,  or  self-sufficiency  were  strangers.  He  was  constitutionally  reserved  and  solemn. 
Sir  Astley  Cooper  says  of  him  that  he  wanted  industry  and  professional  zeal,  liking  other 
things  better  than  the  study  or  practice  of  his  profession.  In  politics,  a  democrat  :  in 
religion,  a  deist.  A  good  husband,  son,  and  father.  As  a  friend  sincere  ;  as  an  enemy  most 
inveterate.  He  was  mild  in  his  manners,  gentle  in  his  conduct,  humane  in  his  disposition, 
but,  withal,  brave  as  a  lion.  His  temper  was  scarcely  ever  ruffled.  He  appears  to  have 
had  but  little  literarj-  aptitude,  for  the  only  publication  bearing  his  name  is  a  small  quarto 
on  the  Form  of  Animals,  issued  in  1805,  and  reprinted  in  1806  and  1809.  It  seems  to 
be  a  matter  of  uncertainty  whether  '  Cline's  splints  '  for  the  treatment  of  fractures  of  the 
leg  were  employed  by  Henrj'  Cline  or  by  his  son.  Savigny's  Collection  of  Engravings 
representins  the  Most  Modern  and  Approved  Instruments  used  in  the  Practice  of  Surgery  was 
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issiietl  in  1798.  Plate  IV,  Fig.  3,  shows  "  the  cutting  gorget  of  Mr.  CHne,  an  instrument 
held  in  universal  estimation."  There  is  also  a  figure  of  a  papier-maclie  splint,  which  is 
attributed  to  Mr.  Sharp.  This  splint  is  identical  in  shape  with  that  which  is  known  to 
us  as  *  Cline's.'  even  to  the  open  angle  at  which  the  foot-piece  is  moulded.  It  is  probable, 
therefore,  that  either  Cline  pire  or  fils  used  this  pattern  of  splint,  made  in  wood  instead 
«)f  the  more  brittle  papier-mache,  and  that  it  thus  obtained  its  name. 

Of  the  younger  Cline  there  is  not  much  to  record.  He  was  born  on  Feb.  4,  1781, 
and  was  admitted  to  Mrchant  Taylors'  School  at  the  end  of  1791.  In  1813  he  was  lecturing 
on  anatomy  at  St.  Thomas's  Hospital  jointly  with  (Sir)  Astley  Cooper,  having  succeeded 
his  father  as  surgeon  in  1812.  Mr.  South  says  of  him,  that  he  was  "  tall,  sickly,  and  a  very 
plain  man,  marked  with  smallpox,  and  very  shy ;  but  when  he  spoke  his  smile  was  most 
pleasing  and  agreeable  ;  he  wore  powder,  as  was  then  the  general  custom  ;  but  his  hair 
was  most  oddly  dressed,  a  sort  of  toupet,  with  longish  hair  combed  down  straight  and  matted 
with  pomatum  and  powder.  An  old  friend  of  mine  used  to  say  he  looked  as  if  he  had  put  his 
head  in  the  dripping-pan-  on  one  side  and  the  flour-tub  on  the  other,  but  the  simile  woidd 
have  been  more  correct  had  he  said  his  hair  had  been  well  plastered  down  with  butter  and 
powder  or  with  oxide  of  zinc  ointment."  He  appeared  at  lecture  in  short  knee-breeches, 
black  stockings,  and  a  brown  coat.  Cline's  lectures  began  with  the  muscles  of  the  head, 
starting  with  the  occipito-frontalis  and  then  going  on  to  the  face. 

The  contrast  between  the  younger  Cline  and  Astley  Cooper  was  very  great ;  the  joyous 
manner  of  the  latter  had  no  correspondence  in  the  former.  He  went  on  in  a  quiet  monoton- 
ous tone  and  very  slowly  imtil  the  day's  allotment  was  completed.  But  from  his  lectures  no 
one  got  out  under  an  hour  and  a  half  and  sometimes  even  three-quarters.  In  the  wards  he 
was  extremely  kind  to  his  patients.  Both  by  example  and  authority  he  insisted  on  almost 
womanly  tenderness  in  handling  them,  and  carefully  attended  to  little  matters  which  added 
greatly  to  the  patients'  comforts,  but  by  most  others  were  regarded  as  too  trivial  to  call 
for  attention.  He  was  a  very  good  mechanic,  but  as  an  operator  he  was  intolerably  slow, 
for  he  thought  that  an  operation  ought  to  be  done  well,  and  did  not  much  care  how  much 
time  he  spent  in  doing  it.  In  private  life  Cline  made  himself  beloved  and  respected  by  all 
who  came  into  relation  with  him.     He  died  of  phthisis  on  May  27,  1820. 

The  bust  by  Chantry  was  presented  to  the  elder  Cline  in  1811  by  the  subscription  of 
his  pupils.  It  was  placed  in  the  Museum  of  St.  Thomas's  Hospital,  but  now  stands  in  the 
Central  Hall  of  the  present  Hospital.  There  is  a  replica  at  the  Royal  College  of  Surgeons 
of  England. 
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A    CASE    OF    CONTUSION    OF    THE    AXILLARY    ARTERY. 

By    LiErxEXANT-toLONKL   J.    F.    DOBSON,    K.A.M.t .  (T.), 
AND    Captain    \V.    R.    HIGGINS,    R.A.M.C.  (T.) 

The  case  described  below  is  an  illustration  of  a  type  of  arterial  injury  which  is  not  often 
noted,  but  which  is  perhaps  more  common  than  is  thought. 

Pte.  C.  J.  was  wounded  on  Aug.  17,  1917,  by  a  rifle  bullet.  He  was  admitted  to  a 
general  hospital  in  France  on  Aug.  18,  having  received  no  active  treatment. 

The  wound  of  entr\'  was  one  inch  below  the  middle  of  the  left  clavicle  ;  the  exit  at 
the  axillary  border  of  the  scapula,  about  the  junction  of  the  middle  and  lower  third. 
Wrist-drop  was  present.  The  left  radial  pulse  was  smaller  than  the  right.  There  was  no 
swelling  in  the  axilla  ;  no  bruit  or  thrill  ;  no  pulsation  :  no  haemorrhage.  The  entrance 
wound  was  clean,  and  the  exit  wound  ragged.  He  bled  freely  when  wounded,  but  did  not 
faint.  He  noticed  wrist-drop,  and  weakness  and  numbness  of  the  hand  immediately. 
Ansesthesia  was  incomplete  in  the  ulnar  and  radial  areas  ;  the  median  was  unaffected. 
Motor  paralysis  was  present  in  the  extensors  of  wTist  and  fingers  ;  there  was  complete 
paralysis  of  the  intrinsic  muscles  of  the  hand  supplied  by  the  ulnar,  and  weakness  of 
those  supplied  by  the  median. 

It  was  thought  that  the  axillarv'  artery  had  been  damaged,  if  not  severed,  and  that 
the  inner  and  posterior  cords  of  the  brachial  plexus  had  been  lacerated. 

Operation,  Aug.  19. — The  wounds  of  entrance  and  exit  were  excised.  Some  tearing 
of  the  scapular  muscles  was  found. 
A  curved  incision  {Fig.  1)  was 
made  from  below  the  cla\"icle 
over  the  inner  part  of  the  pec- 
toral muscles  to  the  anterior 
fold  of  the  axilla,  thence  passing 
outwards  along  the  fold  to  the 
arm.  A  flap  of  skin  was  turned 
back.  The  jjectoralis  major  mus- 
cle was  divided  close  to  its  origin 
and  turned  outwards,  exposing 
the  pectoralis  minor.  This  mus- 
cle was  also  divided  close  to  the 
chest  wall,  and  reflected.  The 
axillarj'  contents  were  now  clearly 
exposed.  Some     extra  vasated 

blood  was  wiped  away. 

Axillary  Artery.-^ At  a  point 
immediately  above  the  crossing  of 
the    inner    head    of   the    median 

nerve,  the  arterj-  presented  a  slight  bulging,  and  appeared  to  be  bruised.  The  artery- 
was  pulsating  below  this  point,  but  on  palpation  of  the  damaged  portion,  the  wall  of  the 
vessel  felt  thin,  and  after  it  had  been  handled  a  verv'  slight  weeping  of  blood  occurred. 
The  arterj'  was  ligatured  above  and  below,  and  the  damaged  portion  excised. 

Brachial  Plexus. — The  inner  cord,  just  above  the  point  of  division,  had  been  partially 
divided  by  the  missile.  The  posterior  cord  had  been  perforated  by  the  missile,  and  was 
practically  completely  divided,  the  continuity  of  the  nerve  being  maintained  in  part  by 
the  sheath.  Both  cords  were  repaired  by  suture  of  the  sheath  (00  catgut).  The  suture 
lines  were  covered  with  fatty  fascial  flaps  taken  from  the  lower  part  of  the  axilla. 


Fig.   1. — ^Diagram    showing  incision. 
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The  |)ecton»I  muscles  were  sutured,  the  axilhi  and  exit  wound  were  drained,  and  the 
entrance  wound  was  left  open.  Both  the  wounds  were  swabbed  with  eusol,  the  axilla 
with  saline. 

Aug.  19. — Eveninj;  temperature  101".     Pulse  felt  at  wrist. 

Aug.  20. — Morning  temperature  lOO''  ;   evening  temperature  101°.     Pulse  stronger. 

•Vug.  21. — Morning  temperature  100'  ;    evening  temperature   100°. 

Aug.  22. — Morning  temperature     98'4.\ 


KIG.  2. — 0|)cii  end  of  the  resected  portion  of 
tlie  artery,  sliowiii:^  tlie  laceration 


FlO.   .".—Appearance  of  the  tear  after 
,  slitting  up  the  artery. 


FIG.   4. — Microscopic  section  of  ed^e  of  i^nv 


/\ 


Portion  shown  in  Fig,  1, 
Fifi.  5.— Section  taken  transversely  across  the  tear  in  the  vessel  wall. 


The  patient  made  an  uninterrupted  recovery,  and  was  evacuated  to  England  on 
Aug.  31.  There  was  already  some  return  of  power  in  the  extensors  of  the  wrist.  We 
have  since  heard  that  he  is  making  good  progress. 
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Specimen. — On  examination,  the  sjieeimen  was  seen  to  consist  of  three-quarters  of  an 
inch  of  the  axillary  artery,  which  was  patent.  On  looking  into  the  open  end  of  the  arterj- 
a  tear  of  the  inner  coats  could  be  seen,  with  the  tumed-up  edges  of  the  tear  projecting  into 
the  lumen  of  the  vessel  and  partially  occluding  it.  After  slitting  up  the  vessel,  the  lacera- 
tion was  seen  to  involve  about  three-quarters  of  its  inner  circumference,  and  to  extend 
through  the  inner  and  middle  coats.  The  outer  coat  of  the  vessel  was  exposed  in  the  floor 
of  the  laceration,  covered  with  a  thin  layer  of  clot  {Figs.  2,  3).  Fig^-  •*  and  5  show  a 
longitudinal  section  taken  across  the  torn  part  of  the  vessel. 

Captain  M.  J.  Stewart  made  a  section  of  the  artery  and  gave  the  following  histological 
report  : — 

Microscopically,  the  tear  is  found  to  extend  completely  through  the  inner  and  middle 
coats  of  the  vessel,  the  'floor'  being  composed  of  the  tunica  adventitia,  together  with  a  certain 
amount  of  adherent  thrombus.  The  torn  edges  of  the  tunica  media  and  tunica  intima  project 
inwards  into  the  lumen  of  the  vessel,  while  the  "floor'  of  the  tear  bulges  slightly  outwards. 

There  is  a  certain  amount  of  separation  of  the  media  and  adventitia  at  each  side,  and  the 
an^le  thus  formed  is  occupied  by  a  mixture  of  recent  blood-clot  and  fairly  dense  thrombus. 
The  process  is  similar  to  that  of  a  dissecting  aneurysm  in  an  early  stage.  The  adventitial 
floor  of  the  tear  is  much  disorganized  and  infiltrated  with  blood,  and  altogether  looks  very 
insecure. 

It  is  evident  that  the  bullet  had  passed  obliquely  through  the  axilla,  just  damaging 
the  inner  cord  of  the  brachial  plexus,  pushing  the  arter\'  aside — the  impact  causing  the 
fracture  of  the  inner  and  middle  coats — and  then  severing  the  posterior  cord.  Free 
bleeding  occurred  immediately  after  the  injury,  but  it  quickly  ceased,  and  one  cannot 
say  with  certainty  whether  it  came  from  the  main  artery  or  from  the  damaged  vessels 
of  the  scapular  muscles. 

Examples  of  partial  laceration  of  the  large  vessels  are  not  commonly  seen.  Delorme 
(quoted  by  Sencert^)  described  three  degrees  of  contusions  of  arteries.  In  the  first  degree 
the  inner  coat  only  is  damaged,  and  on  opening  the  vessel  fine  linear  scratches  are  seen 
such  as  might  be  produced  by  the  point  of  a  pin.  In  the  second  degree  the  inner  and 
middle  coats  are  torn,  though  the  tear  does  not  extend  around  the  whole  circumference 
of  the  vessel.  In  the  third  degree  there  is  a  circular  tear  through  the  inner  and  middle 
coats,  with  retraction  of  these  layers.  The  specimen  described  above  is  an  example  of 
an  injurj'  of  the  second  degree. 

In  considering  whether  the  right  procedure  was  followed  in  operating  on  this  case  so 
soon  after  the  wound  and  on  apparently  somewhat  insufficient  grounds,  one  has  to  consider 
what  would  have  happened  to  the  damaged  arten,-. 

It  is  certain  that  some  thrombosis  would  have  taken  place.  This  might  have  been 
partial,  and  it  is  conceivable  that  the  tear  would  have  healed  without  occluding  the  lumen 
of  the  artery,  leaving  a  scar  at  the  point  of  injury  ;  at  some  later  date  this  might  have 
occasioned  the  formation  of  an  aneurj'sm.  Fragments  of  the  clot  might  have  become 
detached  and  caused  embolism  in  the  vessels  below.  The  arterj-  might  have  been  com- 
pletely occluded  with  clot  at  the  seat  of  injurv'  ;  in  the  absence  of  sepsis  this  would  have 
organized  and  the  vessel  would  have  become  obliterated  ;  one  of  us  (J.  F.  D.)  has  met 
with  an  obliterated  axillant-  artery  twice  during  operations  undertaken  many  months 
after  the  injury  for  lesions  of  the  brachial  plexus.  It  is  possible  that  thrombosis  might 
have  spread  upwards  and  downwards,  obliterating  the  collateral  channels,  and  gi\in|lrise 
to  gangrene,  as  described  by  Sir  George  Makins.- 

These  do  not  seem,  however,  to  be  the  most  likely  occurrences.  Secondary  haemor- 
rhage, or  the  formation  of  an  arterial  haematoma,  is  more  probable.  In  this  case  the  wound 
of  entry  was  clean,  but  the  wound  of  exit  was  rather  ragged  and  dirty,  and  there  was  some 
laceration  of  the  scapular  muscles.  Some  degree  of  sepsis  was  very  likely  to  occur,  and 
if  this  had  spread  to  the  neighbourhood  of  the  damaged  vessel  it  would  eventually  have 
given  way.  If  haemorrhage  or  a  rapidly  increasing  haematoma  had  resulted,  an  urgent 
operation  would  have  been  required,  and  it  is  unlikely  that  the  immediate  repair  of  the 
divided  nerves  would  have  been  possible,  particularly  if  the  patient  had  lost  any  quantity 
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of  blood.  Even  in  the  absence  of  sepsis,  any  rise  in  blood-pressure  might  easily  have 
determined  a  hemorrhage.  The  gentlest  manipulation  of  the  exposed  artery  during  the 
operation  provoked  a  little  weeping  of  blood. 

It  may  be  asked  why  the  damaged  artery  was  not  repaired  by  suture.  In  the  first 
place,  it  was  thought  that  the  vessel  might  be  contused  for  some  distance,  and  that  it 
would  therefore  be  unsuitable  for  suture  ;  secondly,  ligature  and  excision  of  the  damaged 
portion  of  the  artery  gave  easy  access  to  the  divided  posterior  cord.  The  need  for  suture 
of  the  axillary  arterj-  does  not  seem  to  be  demonstrated  in  such  a  case  as  this.  Gangrene 
is  practically  an  unknown  event  after  ligature,  in  the  absence  of  serious  infection  or  gross 
injur>'  to  the  tissues  of  the  limb. 

If  it  is  conceded  that  similar  cases  to  this  should  be  explored,  on  v^hat  grounds  can 
the  injury  be  diagnosed  ?  It  will  be  noted  that  the  patient  was  said  to  have  bled  freely 
immediately  he  was  wounded.  It  is  difficult  to  know  whether  this  arose  from  the  axillary 
artery  itself  or  from  other  vessels.  It  seems  almost  inconceivable  that  the  artery  could 
have  bled  very  freely  and  still  have  presented  the  appearance  it  did  when  exposed.  On 
the  other  hand,  though  there  was  little  internal  clot,  there  was  some  extra-arterial  clot, 
and  the  pressure  of  this  may  have  checked  the  haemorrhage.  The  only  other  symptom 
of  arterial  injury  was  a  slight  but  definite  diminution  in  the  pulse  on  the  affected   side. 

The  nerve  injury  in  this  case  was  an  additional  reason  for  interfering,  though  it  is 
usually  not  wise  to  repair  nerves  until  the  original  wounds  are  healed. 

The  incision  used  is  one  which  gives  admirable  access  to  all  the  structures  in  the  axilla, 
with  a  minimum  of  damage  to  the  pectoral  muscles  and  their  nerve  supply.  It  is  most 
useful  in  cases  of  injury  to  the  brachial  plexus  \Yhen  an  operation  is  undertaken 
some  months  after  the  wound. 

We  desire  to  express  our  thanks  to  Colonel  T.  Gowans  for  permission  to  publish  the 
record,  and  to  Colonel  Sir  Alexander  McCormick,  A.M.S.,  for  his  advice  and  for  the 
interest  which  he  took  in  the  case  ;  also  to  Captain  M.  J.  Stewart  for  the  microscopic 
specimens. 
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BONE    GROWTH    AND    BONE    REPAIR.* 

By  Professor  ARTHUR  KEITH,  F.R.S. 

LECTURE   II. 

RESEABCHES    MADE    BY    SYME    AND    BY    GOODSIR    REGARDING    THE 
GROWTH    AND    REPAIR    OF    BONES. 

My  last  lecture  closed  with  the  death  of  Hunter  in  London  in  the  autumn  of  1793.  AVe 
shall  now  proceed  to  Edinburgh,  to  see  what  two  men  who  made  Edinburgh  famous  in 
the  middle  decades  of  last  century — Syme  the  surgeon  and  Gk)odsir  the  anatomist — can 
teach  us  regarding  the  manner  in  which  bones  grow  and  heal.  It  suits  our  purpose,  how- 
ever, before  proceeding  to  Edinburgh,  to  discover  how  bone  surgery  stood  in  the  North  of 
England  during  Hunter's  time. 

No  one  who  values  a  knowledge  of  the  historj'  of  surgery  and  of  learning  in  England 
can  afford  to  be  ignorant  of  Charles  White  of  Manchester.  He  was  born  in  the  same  year 
as  Hunter,  1728  ;  he  was  a  class-fellow  of  his  in  the  Covent  Garden  School  ;  through  his 
long  life  he  never  wavered  in  his  loyalty  to  Hunter's  splendid  abilities.  He  was  elected 
a  Fellow  of  the  Royal  Society  long  before  Hunter.  Cullingworth  has  assigned  to  him  a 
foremost  place  amongst  British  g\'naecologists  ;  Cunningham  has  given  him  equal  rank 
amongst  the  pioneers  of  British  anthropologj-.  He  took  a  leading  part  in  founding  the 
hospitals,  colleges,  and  learned  societies  of  his  native  city,  Manchester. 

We  propose  to  make  his  acquaintance  in  April,  1768,  when  Edmond  PoUet,  a  countrj-- 
lad  of  fourteen,  presented  himself  at  Manchester  Infirmary  with  an  abscess  in  the  left 
shoulder,  the  disease  having  commenced  suddenly  a  fortnight  previously.  Pus  was 
issuing  by  several  sinuses  situated  in  the  pectoral  and  deltoid  regions.  If  Charles  \Nhite, 
then  in  the  prime  of  his  professional  career,  had  followed  the  standard  treatment  of  the 
period,  he  would  have  amputated  the  arm  :  but  he  resolved  to  tr\-  and  save  the  limb  by 
adopting  a  novel  and  consers'ative  method  of  treatment.  Making  a  deep  vertical  incision 
along  the  deltoid  region,  he  forced  the  upper  end  of  the  dead  shaft  of  the  humerus  fi^m 
the  wound  and  cut  it  off.  Later,  a  further  piece  of  the  shaft  was  removed — altogether 
four  inches  of  it.  The  arm  was  placed  in  a  sling,  so  that  "  the  weight  of  the  arm  might 
counterbalance  the  contraction  of  the  shoulder  muscles."'  Movement  was  permitted,  to 
secure  a  sufficient  degree  of  mobility  at  the  shoulder-joint.  In  four  months,  to  Charles 
White's  surprise,  the  upper  end  of  the  humerus  had  been  reproduced  ;  there  was  only 
one  inch  of  shortening,  and  the  arm  could  be  freely  used.  In  reporting  this  case  to  the 
Royal  Society  in  1769,  White  drew  two  conclusions  :  (1)  That  when  a  bone  was  removed, 
the  arteries  of  the  part  had  the  power  to  renew  it  ;  (2)  That  the  operation  of  resection 
had  manifest  advantages  over  amputation,  and  desers-ed  serious  consideration  as  an 
alternative  measure. 

Charles  Wbite's  novel  operation  of  1768  merely  involved  the  resection  of  dead  bone. 
In  1783,  Mr.  Henrj-  Park,  surgeon  to  the  Liverpool  Infirmary-,  was  in  a  position  to 
announce  a  further  stage  in  the  progress  of  surgerj- — the  possibility  of  excising  diseased 
joints  as  an  alternative  to  the  amputation  of  limbs.  We  merely  note  here  that  each  of 
these  innovations  in  the  treatment  of  diseased  bones  and  joints  demanded  a  more  intimate 
and  exact  knowledge  of  the  life  and  growth  of  bone. 


•  Three  lectures  of  a  course  on  "  Anatomical  and   Physiological  Principles  imderlying   the  Treatment 
of  Injuries  to  Muscles,  Joints,  and  Bones, '  delivered  at  the  Royal  College  of  Surgeons,  England. 
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Having  thus  seen  the  rise  of  'conservative  surgery'  in  the  North  of  England  in  the 
later  half  of  the  eighteenth  century,  we  pass  on  to  Edinburgh  to  watch  the  practice  and 
principles  of  James  Synie.  In  his  day  Syme  held  the  centre  of  the  surgical  stage  ;  but 
it  is  only  the  early  part  of  his  career  which  interests  us  now — the  struggling  decade 
between  182:}  and  1833,  from  his  twenty-fourth  to  thirty-fourth  year,  when  he  was  forcing 
his  way  up  the  Edinburgh  surgical  ladder.  In  1825  there  was  sent  to  him  a  woman, 
Christian  Laing,  age  38,  who  had  suffered  from  caries  (tuberculosis)  of  the  shoulder-joint 
for  six  years.  Syme  was  brought  face  to  face  with  the  same  problem  as  had  been 
presented  to  Charles  White  fifty-seven  years  before — should  he  amputate,  or  should  he 
resect  the  joint  and  thus  try  to  save  the  limb  ?  He  chose  the  latter,  and  the  woman  did 
well.  Resection  as  a  defined  operation  for  the  relief  of  a  diseased  joint,  was,  as  we  have 
seen,  first  formulated  in  1783  by  Henry  Park,  surgeon  to  the  Liverpool  Infirmary,  in  a 
letter  to  Percival  Pott  ;  but  the  suggestion  which  moved  Syme  to  adopt  the  operation 
came  from  a  French  source.  Almost  at  the  same  time  as  Park  was  elaborating  and  apply- 
ing the  operation  of  resection  to  joints  in  Liverpool,  Moreau,  a  surgeon  in  the  North-East 
of  France,  was  adopting  a  similar  method  of  treatment,  though  it  was  many  years  later 
(1816)  before  his  French  colleagues  recognized  the  value  of  his  work.  The  first  effort  of 
Syme's  youthful  career  was  to  introduce  this  operation  into  Scotland.  In  1831  he  published 
a  Treatise  on  the  Excision  of  Diseased  Joints.  By  that  date  he  had  done  fourteen  resec- 
tions of  the  elbow-joint.  The  introduction  of  a  new  surgical  method  invariably  makes 
new  demands  on  our  knowledge  of  anatomy  and  physiology.  The  adoption  of  resection 
of  joints  as  a  routine  measure  made  an  exact  knowledge  of  bone  reproduction  more  urgent 
than  ever. 

If  we  would  use  words  in  a  strictly  conventional  sense,  we  must  describe  Syme  as 
eminently  a  practical  as  well  as  a  daring  surgeon.  To  the  onlooker  he  seemed  to  apply 
a  remarkably  sound,  common-sense  judgement  to  the  various  surgical  problems  which 
came  before  him.  In  reality  he  was,  as  all  purely  practical  men  must  be,  an  experimental 
surgeon,  trying  to  discover  the  best  means  of  treatment  by  roughly  balancing  the  results 
which  attended  one  method  against  those  which  followed  from  another.  But  for  one 
brief  period  in  his  life  Syme  became  a  rational  surgeon.  In  1835 — two  years  after  he 
succeeded  to  the  chair  of  clinical  surgery  in  Edinburgh  University — he  had  to  treat  the 
case  of  a  young  girl  who  suffered  from  acute  osteomyelitis  of  the  tibia.  He  had  to  ampu- 
tate. When  he  dissected  the  leg,  he  found  the  shaft  of  the  bone  dead,  and  enclosed  by  a 
new  stratum  of  bone  which  was  adherent  to,  and  apparently  formed  by,  the  periostevmi. 
To  settle  for  all  time  that  periosteum  could  and  did  reproduce  bone,  he  carried  out  the 
following  well-devised — and,  I  have  no  doubt,  neatly  executed — experiment  on  young 
dogs. 

In  his  first  exf>eriment  he  removed  If  in.  from  the  radius  of  both  right  and  left  legs  ;  on  tJie 
right  he  also  removed  the  periosteum,  whereas  on  the  left  this  membrane  was  preserved  in  place. 
When  tlie  dog  was  killed  at  the  end  of  six  weeks,  the  missing  part  of  the  left  radius  was  reproduced  ; 
whereas,  on  the  right,  where  the  periosteum  had  not  been  preserved,  a  gap  still  remained.  He 
repeated  the  experiment  on  a  second  dog,  and  got  the  same  result  :  when  the  periosteum  was 
removed,  a  gap  remained. 

He  changed  the  conditions  of  the  experiment.  Taking  another  dog,  he  raised  the  periosteum 
from  a  segment  of  the  radial  shaft,  and  separated  the  periosteum  from  the  bone  by  introducing 
between  them  a  ferrule  of  tin-foil.     The  periosteum  formed  a  layer  of  bone  on  the  tin-foil. 

Finally,  he  cut  away  the  periosteum  from  a  segment  of  tlie  radius,  and  wrapped  the  denuded 
surface  with  tin-foil.  No  layer  of  bone  was  deposited  on  the  tin-foil,  because  there  was  no 
periosteum  covering  it. 

We  have  here  the  Haller-Duhamel  controversy  again  raised,  and  it  is  clear  Syme 
became  a  convinced  Duhamelite. 

We  are  now  to  make  the  acquaintance  of  a  man  who  in  his  intimate  and  deep  grasp 
of  the  problems  presented  by  living  matter  came  nearer  to  Hunter  than  any  other  Briton 
of  the  nineteenth  century.  In  physical  appearance  John  Hunter  and  John  Goodsir  were 
as  different  as  men  can  be.  Hunter  was  from  the  West,  of  medium  stature,  alert  and 
fiery  ;    Goodsir  was  from  the  East — from  Anstruther  in  the  county  of  Fife — tall,  gaunt, 
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serious,  and  talvinistic,  with  a  long,  sombre  countenance.  But  Hunter  and  Goodsir  were 
alike  in  this  :  they  had  an  insatiable  capacity  for  work,  and  an  almost  'uncanny'  gift  of 
rightly  interpreting,  from  the  slenderest  of  clues,  the  more  secret  workings  of  li\ing  matter. 

Here,  however,  we  have  to  do  only  with  Goodsir's  investigations  concerning  the 
growth  and  reproduction  of  bone.  Goodsir  knew  well  about  S>-me's  researches  into  the 
reproduction  of  bone  by  periosteum  ;  he  had  'dressed'  for  Syme  ;  he  was  a  student  in 
Edinburgh  and  apprenticed  to  Xasm\-th  the  dentist  when  Syme  was  rising  to  the  1  eight 
of  his  fame.  There  was  every  inducement  for  him  to  support  Syme's  conclusions  :  but 
the  result  of  his  investigations  con\inced  him  that  the  periosteum  had  no  power  to  form 
bone,  and  that  there  was  only  one  element  in  the  body  which  could  form  and  reproduce 
bone — namely,  the  corpuscles,  which  he  had  discovered  and  studied  with  his  microscope 
as  normal  constituents  in  ever\'  variety  of  ossification.  Goodsir  was  a  Hallerite  of  a  new 
kind. 

No  one  can  serve  so  well  as  Goodsir  to  bring  home  to  us  the  transformation  which 
took  place  in  our  knowledge  of  living  bone  in  the  decade  which  followed  1838 — when  men 
first  came  to  realize  that  living  matter  is  made  up  of  units  or  atoms  to  which  we  give  the 
name  of  cells  or  corpuscles.  We  are  pursuing  a  straight  path  when  we  lay  bare  the  circum- 
stances which  made  Goodsir  one  of  the  pioneers  of  the  cell  doctrine.  There  are,  in  the 
first  place,  the  circumstances  of  his  training.  He  came  of  a  line  of  medical  practitioners. 
At  the  age  of  sixteen — in  1830— he  was  apprenticed  to  Nasmyth  the  dentist.  He  had  the 
most  delicate  control  of  his  long  fingers,  and  very  soon  began  to  apply  his  manipulative 
ability  to  the  investigation  of  tooth  formation — which  entailed  a  collateral  study  of  bone 
growth.  In  Knox's  dissecting-room  he  was  thrown  amongst  the  men  who  were  to  be 
leaders  in  science  and  in  medicine — Edward  Forbes,  Fergusson,  John  Reid,  and  Sharpey. 
He  dressed  for  Syme  and  dissected  for  Alison.  In  1835  he  became  a  Licentiate  of  the 
College  of  Surgeons  of  Edinburgh,  and  returned  to  Anstruther  to  assist  his  father.  In 
three  years  he  was  back  in  Edinburgh  in  search  of  a  foothold  on  the  ladder  which  led  to 
the  more  eminent  posts  in  medicine.  He  had  to  wait  until  1841,  when  he  was  twenty- 
seven  years  of  age,  before  one  came — the  curatorship  of  the  Museum  of  the  College  of 
Surgeons,  at  a  salary  of  £150  per  annum,  out  of  which  he  had  to  pay  an  assistant.  He 
only  held  the  office  for  three  years;  but  never  did  man  crowd  years  with  discoveries  as 
Goodsir  did  these  three.  They  were  discoveries,  we  shall  see,  that  have  a  very  direct 
bearing  on  the  problems  we  are  exploring. 

Goodsir  brought  to  his  office  not  only  rare  powers  of  brain  and  hand,  but  two 
qualifications  which  are  absolutely  essential  for  the  man  who  would  open  a  new  field  of 
knowledge — a  new  instrument  and  a  fresh  inspiration.  The  new  instrument  was  the 
compound  achromatic  microscope,  which  had  then  been  jjerfected  by  Lord  Listers  father, 
and  was  Goodsir's  companion  from  his  boyhood  upwards.  His  inspiration  he  drew  from 
years  spent  in  the  study  of  the  marine  forms  of  invertebrate  life  which  he  dredged  from 
the  waters  of  the  Firth  of  Forth.  Molluscs,  echinoderms,  and  sponges  presented  him 
with  the  same  problems  of  life  as  did  the  tissues  of  the  human  body,  but  in  a  simpler 
form.  He  had  the  means  of  spanning  the  gap  which  seems  to  separate  the  hydra  from  the 
human  body  with  much  greater  accuracy  than  was  possible  in  Hunter's  time,  ^^^len  he 
came  to  unravel  the  obscure  and  complex  process  of  bon^building  in  the  human  skeleton, 
he  found  the  clue  from  his  work  on  sponges  ;    they  also  build  skeletons. 

Goodsir  was  a  follower  of  Hunter.  In  his  youth  he  accepted  Hunter's  teaching  that 
bone  was  deposited  by  arteries  and  was  absorbed  and  remodelled  by  lymphatics.  His 
microscopical  investigations  of  the  growing  epiphyseal  lines  of  bones  revealed  cartilage 
cells  grouping  themselves  into  serried  ranks  ;  he  saw,  or  thought  that  he  saw,  these 
cartilage  cells  settle  in  the  meshes  of  the  cartilaginous  trabeculae  and  become  "  bone- 
forming  corpuscles  "  ;  he  traced  the  transformation  of  the  primary  spaces  in  the  cartilage 
from  one  stage  to  another  until  they  became  Haversian  canals,  still  lined  by  the  cells 
which  he  regarded  as  the  descendants  of  the  primitive  cartilage  corpuscles.  He  saw  how 
the  corpuscles  of  the  Haversian  canals  became  included  within  the  bone  to  become  its 
living  denizens.     He  knew  that  similar  cells  built  up  the  skeletons  of  invertebrate  forms 
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of  life,  and  had  no  doubt  that  the  human  skeleton  was  laid  down,  not  by  arteries,  but  by 
an  element  of  which  Hunter  had  no  conception — separate  self-acting  vmits  of  living  matter. 
That  discovery — Goodsir  made  it  for  himself,  others  had  done  the  same  independently 
— marks  a  new  chapter  in  our  knowledge  of  bone.  But  the  old  or  Ilunterian  chapter  did 
not  pass  out  of  date  ;  the  new  chapter  merely  gave  a  more  precise  interpretation  of  the 
facts  contained  in  the  old.     Bone  corpuscles  were  substituted  for  arteries. 

There  were  in  the  Museum  of  the  Edinburgh  College,  imder  Goodsir's  care,  certain 
famous  specimens  which  had  been  made  in  William  Hunter's  school  in  London  by 
Cruickshank.  They  were  supposed  to  demonstrate  that  lacteals  opened  on  the  intestinal 
villi  by  open  mouths.  Goodsir  applied  his  microscope  to  these  specimens  ;  he  could  see 
the  injected  lacteals  in  the  villi,  but  nowhere  could  he  find  openings  or  mouths.  He 
applied  himself  to  the  problem  of  absorption.  He  fed  a  dog,  and  when  digestion  was  at 
its  height,  examined  the  villi.  He  found  cells  laden  with  the  products  of  digestion,  and 
concluded  that  the  cells  which  line  the  bowel  were  the  agents  by  which  food  was  taken 
up  and  absorbed  from  the  contents  of  the  intestinal  tract.  His  intimate  knowledge  of 
cellular  processes  in  the  lower  forms  of  life  led  him  further  ;  he  realized  that  every  cell 
in  the  himian  body  must  have  a  power  of  absorption.  Absorption  was  a  natural  function 
of  every  kind  of  cell — including  those  which  are  found  in  bone.  Thus,  he  had  to  throw 
overboard  Himter's  conception  of  lymphatic  vessels  playing  the  part  of  bone  absorbers 
and  bone  modellers,  and  put  in  their  place  simple  units  of  living  matter — bone  cells. 

The  microscope  revolutionized,  and  at  the  same  time  simplified,  our  conception  of 
the  growth,  maintenance,  and  reproduction  of  bone.  In  place  of  it  being  a  living  tissue 
manipulated  by  arteries  and  by  lymphatics,  it  became  an  organization  of  living  units — 
bone  corpuscles — each  of  them  endowed  with  the  power  to  build  up  or  take  down  that 
territory  which  lay  directly  under  its  control.  Goodsir  was  the  first  to  realize  the  new 
picture  of  bone.  That  discovery  has  not  made  Hunter's  assumption  of  'consciousness  ' 
in  bone  less  tenable.  How  are  such  cells  controlled  ?  What  are  the  circumstances  which 
make  them  lay  down  bone  on  one  day  and  carry  it  away  on  the  next  ? 

The  investigations  which  Goodsir  made  on  the  nature  of  bone,  during  the  three  years 
of  his  curatorship,  are  recorded  in  four  very  brief  papers  which  first  appeared  in  his 
Anatomical  and  Pathological  Observations,  published  in  1845.*  One  of  these  is  entitled, 
"  The  Mode  of  Reproduction  after  Death  of  the  Shaft  of  a  Long  Bone."  It  is  an  inquiry 
concerning  the  bone-forming  power  of  periosteum — being  an  answer  to  Syme's  investiga- 
tions mentioned  in  an  earlier  part  of  this  lecture.  He  concluded  that  periosteum  has  no 
bone-forming  power — it  is  simply,  as  he  terms  it,  a  '  limiting  membrane.'  He  did  not 
deny  that  periosteum  "  participated  in  the  office  of  regeneration — an  important  principle 
in  surgery,"  but  its  power  to  form  bone  depended  wholly  on  the  proper  substance  of  the 
shaft  which  had  become  adherent  to  it.  By  actual  experiment  he  removed  periosteum 
by  scraping,  and  found  particles  of  bone  adhering  to  its  deep  surface.  From  such  frag- 
ments, he  concluded,  new  bone  was  reproduced.  He  examined  the  periosteal  shells  which 
form  round  necrosed  shafts.  He  found  that  wherever  there  was  a  rough  or  ulcerated  patch 
on  the  old  shaft,  there  was  also  in  the  corresponding  area  of  the  periosteum  a  nucleus  of 
bone  growth  ;  but  where  the  areas  of  the  old  shaft  were  perfectly  smooth — where  there 
was  no  trace  of  exfoliation  or  ulceration — there  was  a  gap  or  cloaca  in  the  overlying 
periosteal  shell.  If  the  periosteum  owed  all  its  osteogenetic  power  to  adherent  morsels 
of  bone,  then  these  appearances  were  just  as  they  should  be.  He  conceived  that  the  shaft 
of  a  bone  might  be  killed  so  quickly  by  disease  that  there  was  no  time  for  the  separation 
of  living  fragments  to  act  as  bone  grafts  on  the  periosteum.  In  such  a  case  there  would 
be  no  reproduction  of  bone.  If  the  greater  part  of  a  shaft  did  die,  he  observed  that  ossific 
centres  shot  out  most  vigorously  from  the  terminal  living  parts.  He  had  never  seen  an 
epiphysis  take  any  part  in  the  regeneration  of  a  shaft  ;  in  a  physiological  sense  an 
epiphysis  should  be  regarded  as  a  separate  bone.     Finally,  as  regards  Syme's  experiments, 


•  See  The  Anatomical  Memoirs  of  John  Goodsir,  by  William  Turner,  Vol.  ii.,  1868. 
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Goodsir  held  that  they  did  not  demonstrate  an  osteogenetic  power  in  periosteum,  but 
they  did  demonstrate  that,  as  detached  by  the  surgeon,  it  could  and  did  earn,'  with  it  bone 
grafts  which  could  serve  as  centres  of  reproduction.  For  Goodsir,  a  bone  was  a  hive  of 
bone  corpuscles  wrapped  within  a  nest  of  periosteum. 

I  have  mentioned  Hunter's  graphic  and  accurate  picture  of  what  the  unaided  eye 
can  see  when  a  Uving  bone  casts  off  a  dead  piece.  Goodsir's  paper  on  "  Absorption, 
Ulceration,  and  the  Structures  engaged  in  these  Processes  "  adds  a  fitting  pendant  to 
Hunter's  picture — a  pendant  painted  through  his  microscope — ^the  earliest  picture  of  its 
kind.  We  have  seen  that  Goodsir  recognized  the  corpuscles  which  lined  the  walls  of  the 
Haversian  canals  as  the  oldest  and  most  active  of  the  cellular  constituents  of  bone.  He 
had  observed  them  on  the  surface  of  the  bone,  under  the  periosteum.  He  knew  well  that 
these  canalicular  cells  could  be  stimulated  to  acti\ity  by  inflammation  ;  in  Hunter's 
phraseologj',  they  were  endowed  with  irritability.  He  saw,  in  an  inflammatory  area  of 
bone,  that  these  cells  multiplied  in  the  Haversian  canals  ;  the  walls  of  the  canal  widened 
by  the  proliferation  of  tissue  and  the  absorption  of  the  wall  until  neighbouring  Haversian 
systems  almost  met,  or  did  fully  meet.  He  saw  no  impossibility  in  the  cells  which  laid 
down  bone  changing  their  mode  of  life  and  devoting  themselves  to  clearing  away  their 
old  handiwork.  He  conceived  that  the  more  active  these  bone-devouring  cells  were,  the 
shorter  would  be  the  term  of  their  lives,  and  the  sooner  would  they  melt  and  their 
remains  pass  into  the  general  circulation.  By  the  proliferation  of  the  cells  in  the  canalicular 
systems  an  area  of  dead  bone  was  separated  from  the  surrounding  living  bone.  The 
microscope  simplified  the  understanding  of  the  effects  of  inflammation  on  bone  :  Goodsir 
was  the  first  to  realize  that  these  changes  were  effected  by  living  units  or  cells, 

Goodsir's  bone  researches  were  all  carried  out  in  the  three  years  of  his  curatorship. 
In  1846,  at  the  age  of  thirty-two,  he  was  elected  to  the  chair  of  Anatomy  in  the  University 
of  Edinburgh  in  succession  to  the  third  Monro.  Just  before  the  onset  of  his  long, 
disastrous,  and  drawn-out  illness,  some  ten  years  later,  he  opened  up  a  field  of  research 
which  yet  remains  to  be  explored.  It  is  one  which  is  destined  to  throw  a  new  light  on  the 
living  qualities  of  bone  corpuscles.  In  1853  a  pupil  had  sent  him  a  new  form  of  sponge 
dredged  firom  the  waters  off  Spitzbergen.  While  investigating  its  structure,  he  obser\-ed 
that  the  spicules — its  skeleton — had  many  forms,  but  each  was  built  and  laid  down  so  as 
to  strengthen  and  keep  open  the  water-canals  on  the  entirety  of  which  the  lives  of  the 
sponge  colonists  depend.  He  looked  for  the  builders  and  found  them.  No  one  had  seen 
or  studied  them  before.  He  formulated  the  following  law  :  ''  A  spiculum  is  formed  by 
a  series  of  sponge-particles  (sponge  cells),  so  arranged  in  a  column  or  system  as,  by  the 
sUiciflcation  of  more  or  less  of  their  contiguous  surfaces  and  substance,  to  form  a  con- 
tinuous rod."  In  short,  he  saw  groups  of  spicule-forming  cells  marshall  themselves  into 
a  geometrical  pattern  and  lay  down  supports  of  the  exact  form  and  in  the  exact  position 
where  such  supports  were  needed.  We  shall  see  that  bone  corpuscles  have  also  similar 
qualities. 

During  the  last  ten  years,  Professor  Dendy,*  of  King's  College,  London,  and  his  former 
pupil,  Professor  Woodland,!  have  carried  out  a  series  of  researches  which  justifies  one  in 
regarding  the  scleroblasts  which  form  the  spicular  skeletons  of  invertebrate  forms  of  life 
as  the  exact  counterparts  of  the  osteoblasts  of  our  own  bodies.  In  the  more  primitive 
types  a  spicule  is  actually  formed  inside  the  cell — an  intracellular  secretion  ;  all  stages 
between  the  intracellular  and  extracellular  mode  of  spicular  formation  can  be  demon- 
strated. The  scleroblasts  are  special  cells  derived  from  the  dermal  layer.  They  do  their 
work  according  to  the  needs  of  the  animal  frame  of  which  they  form  part  ;  they  build 
their  spicules  so  as  to  strengthen  that  side  of  a  sponge  which  is  exposed  to  the  force  of 
the  waves,  just  as  osteoblasts  buUt  to  withstand  the  pressures  apphed  to  bone.  The 
scleroblasts.  Professor  Dendy  observed,  are  sensitive  to  vibrations. 

*  For  Professor  Dendy's  latest  paper,  see  Proe.  Roy.  Soc.,  1917,  Ixxxix,  573. 
t  Qtiart.  Jour.  Microscop.  Set.,  1905,  xlix,  231  ;    1906,  xlix,  533. 
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OBSERVATIONS    ON    BLADDER    INJURY    IN    WARFARE. 

A    STUDY    OF     53    CASES. 

By  Colonel  ANDREW  FULLERTON,    C.M.G.,  A.M.S. 

Consulting  Surgeon,  British   Expeditionary  Force. 

The  word  'injury'  has  been  chosen  in  the  title  of  this  paper,  to  include  several  cases  which 
would  not  come  under  the  heading  of  'gunshot  wounds.'  A  case  of  rupture  of  the  bladder 
due  to  the  falling-in  of  a  dug-out,  and  two  cases  of  bayonet  wound,  are  thus  included. 
Wounds  of  the  bladder  are  comparatively  rare.  The  percentage  to  total  wounds  reaching 
the  base  is  probably  not  more  than  1  in  3000  or  4000.  For  this  reason  it  has  taken  some 
time  to  collect  sufficient  material  to  warrant  the  publication  of  this  article. 

The  present  communication  is  based  upon  a  study  of  53  cases.  A  few  of  these  were 
seen  at  clearing  stations,  but  the  remarks  which  follow  deal  with  the  subject  from  the  point 
of  view  of  a  surgeon  working  at  the  base.  The  very  severe  injuries  which  die  at  the  aid 
posts,  at  the  field  ambulance  dressing  stations,  and  at  the  clearing  stations,  are  therefore 
excluded.  The  final  results  are,  unfortunately,  not  known  in  a  considerable  proportion 
of  the  cases,  but  enough  material  has  been  obtained  to  bring  out  the  main  points  in  the 
recognition  and  management  of  these  injuries  at  a  stage  anterior  to  their  evacuation  to 
England. 


Hrecr.  abd 


H.gljt  max 


FIO.  C— T'pper  surface   of   Slab   XIX  (Man   50). 

bladder. 


Note  the  small  intestines  lying  anterior  to  the  distended 
(xi.)     (Crumble.) 


Anatomy. —  It  is  unnecessary  to  describe  the  anatomy  of  the  bladder  in  detail,  but 
there  are  certain  points  which  have  an  important  bearing  on  the  subject  under  discu.ssion 
that  may  with  advantage  be  brought  to  mind.  In  the  collapsed  .state  the  bladder  is  a 
strictly  pelvic  organ,  and  occupies  so  little  space  that  it  forms  a  very  small  target  for  the 
missiles  of  war.  When  empty,  it  lies  deeply  in  the  pelvis,  and,  in  a  vertical  antero-posterior 
section,  is  triangular  in  shape,  being  flattened  above  and  below.  When  moderately 
distended,  it  still  remains  a  pelvic  organ.  When  fully  distended,  however,  it  becomes  at  its 
upper  part  an  abdominal  organ,  and  is  likely  to  be  injured  by  missiles  entering  above  the 


BLADDER    IX  J  LEY     IN    WARFARE 


25 


pubis.  Occasionally  coils  of  small  intestine  lie  in  front  of  the  distended  bladder,  and  may 
be  injured  by  missiles  entering  the  latter  in  this  region  (Fig.  6).  It  is  reasonable  to  sup- 
pose that  just  before  an  attack  the  state  of  nervous  tension  practically  always  present  will 
lead  to  an  evacuation  of  the  bladder  contents ;  whereas,  if  the  patient  is  caught  unawares 
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Fig.  7.— Upper  surface  of  Slab  XX  (Man  50).     Bladder  distended,     (x  J.)    {CrymbU.) 

at  other  times,  the  organ  may  be  in  any  state  of  distention.  The  anterior  or  pubic  surface 
lies  against  the  symphysis  and  boirly  of  the  pubis  and  the  deej)  layer  of  the  triangular 
ligament.  Only  when  the  bladder  is  fully  distended  does  this  surface  reach  the  lower  part 
of  the   anterior  abdominal  wall.     The  space  of  Rctzius  lies  anterior  to  the  bladder,  but 
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Fig.  8. — Upper  .=urf:ioe  of  Slab  XXI  (Man  50).     This  section  passed  throngh  the  hip-joint,  rectum,  and  base 

of  the  bladder,     (xj.)     (Crjfmble.y 


communicates  freely  with  a  similar  space  which  extends  laterally  and  backwards,  internal 
to  the  levator  ani  muscle,  to  the  posterior  part  of  the  rectum  (Fig.  8).  This  fact  has  an 
important  bearing  on  the  question  of  extravasation  of  urine  and  the  spread  of  pelvic 
cellulitis.     The  base  of  the  bladder  is  its  widest  part.     It  lies  against  the  rectum,  and  is 
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adherent  to  the  bowel  by  dense  areolar  tissue,  except  for  a  short  space  above,  where  it  is 
separated  from  this  portion  of  the  intestine  by  the  reflection  of  the  peritoneum  at  the 
lower  part  of  the  rectovesical  pouch.  This  area  of  close  apposition  is  bounded  by  the 
vesiculae  seminalcs  and  ejaculatory  ducts  of  either  side,  which  form  a  triangle  with  its  apex 
at  the  prostate  gland  (Fig.  8).  The  sides  of  the  bladder  are  crossed  by  the  cord  of  the 
obliterated  hypogastric  artery,  which  marks  the  lower  limit  of  the  peritoneal  reflection. 
All  the  area  below  this  mark  is  extra-peritoneal  (see  Fig.  24).  It  is  well  to  remember 
that  the  ureter  and  tlie  vas  deferens  are  in  relation  to  the  sides  of  the  bladder,  and  the 
possibility  of  their  injury  in  this  situation  must  be  borne  in  mind  (Fig.  7).  The  superior 
or  abdominal  surface  is  free,  and  covered  everywhere  by  peritoneum. 

The  prostate  is  so  intimately  connected  with  the  neck  of  the  bladder  that  it  is  fre- 
quently injured  with  it  (Fig.  9).  The  gland  rests  posteriorly  on  the  rectum  at  the  point 
where  it  turns  back  to  become  the  anal  canal.  Anteriorly  it  is  half  an  inch  or  more  from 
the  pubic  symphysis.  The  sides  are  embraced  by  the  anterior  fibres  of  the  levatores  ani. 
The  apex  rests  on  the  upper  surface  of  the  triangular  ligament. 

The  arrangement  of  the  pelvic  fascia  is  shown  in  the  accompanying  drawings. 

The  Missile. — In  1  case  a  missile  (shell)  was  only  indirectly  responsible  for  an  intra- 
peritoneal rupture  of  the  bladder  ;    the  injury  was  caused  by  a  fall  of  earth  on  the  abdomen. 
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FlO.  !».— Upper  surface  of  Slab  XXU  (Man  50).     This  section  passed  tlirougli  tl>e  prostate  and  rectum,  (x  J.)   (Crymhle.) 


In  2  cases  the  injuries  were  caused  by  bayonet.     In  24  cases  the  wound  was  caused  by  shell 
(including  bomb,  grenade,  etc.)  ;   in  12  by  bullet  (rifle  or  machine-gun)  ;   in  7  by  shrapnel  ~~ 
ball.     In  7  cases  the  nature  of  the  missile  was  not  stated. 

Although  wounds  by  shell  are  liable  to  be  more  serious,  and  to  be  attended  with  greater 
risk  from  sepsis,  than  those  caused  by  bullet,  the  wounds  by  the  latter  were  often  very 
severe  and  septic.  Of  the  fatal  cases,  5  died  of  shell  wounds,  and  4  of  bullet  wounds,  while 
death  was  due  to  a  shrapnel-ball  wound  in  1  case  ;  in  2  fatal  cases  the  nature  of  the  missile 
was  not  known. 

Track  of  the  Missile. — In  about  two-thirds  (34)  of  the  cases  the  missile  reached  the 
bladder  by  way  of  the  buttock.  In  5  others  there  was  an  exit  wound  in  the  region  of  the 
buttock,  communicating  with  the  bladder.  In  nearly  75  per  cent,  therefore,  there  was  a 
wound  in  the  buttock  region  reaching  as  far  as,  or  actually  penetrating,  the  bladder 
{Fig.  10).  The  suprai)ubic  route  was  comparatively  rare.  There  were  4  cases  with  an  entry 
wound  in  this  situation,  and  4  others  in  which  the  missile  had  either  emerged  by  this  route 
or  had  been  retained  in  the  suprapubic  region.  Wounds  in  the  anterior  abdominal  wall, 
not  suprapubic  in  position,  rarely  implicated  the  bladder.     In  4  cases  only  did  the  missile 
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reach  the  bladder  through  the  anterior  abdominal  wall,  and  there  were  no  exits  in  this 
region.  Wounds  which  shatter  the  symphysis  pubis  and  lay  open  the  bladder  rarely  reach 
a  base  hospital.  Other 
routes  were  through  the 
thigh,  the  groin,  the 
iliac  region,  the  loin, 
and  the  sacral  or  coccy- 
geal region.  In  one 
case  a  bayonet  wound 
reached  the  bladder 
through  the  perineum. 
There  were  13 
through  -  and  -  through 
wounds  recorded  in  the 
notes.  The  majority  of 
these  followed  an  ob- 
lique course  :  several 
passed  from  buttock  to 
suprapubic  region,  or 
in  the  opposite  direc- 
tion ;  another  route  was 
from  iliac  region  to 
perineum,  another  from 
groin  to  buttock,  and 
another  from  thigh  to 
sacral  region.  Antero- 
posterior wounds  were 
somewhat  rare ;  their 
course  was  from  supra- 
pubic to  sacral  or 
coccygeal  region,  or  in 
the  opposite  direction. 


"lo. — -Buttock  wound  throui^h  which  the  large  fragment  of  shell  shown    in 
Fig.   23   entered.     From  Case  53  (22b).  j 
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Transverse  wounds  were  seen  occasionally  ;  these  passed  from 
buttock  to  the  opposite  side  across  the  neigh- 
bourhood of  the  hip- joint,  or  from  buttock  to 
the  opposite  groin.  In  5  cases  it  was  impossi- 
ble to  say  whether  there  had  been  an  exit 
wound,  or  whether  the  opening  found  had 
been  due  to  an  operation  undertaken  to  remove 
a  foreign  body. 

Reconstruction  of  the  Track. — Entrance 
wounds  in  the  buttocks,  suprapubic,  sacral,  or 
coccygeal  regions,  or  in  the  thigh  or  groin, 
ought  to  be  carefully  investigated.  If  a 
wound  of  exit  is  present,  reconstruction  of  the 
track  by  sectional  anatomy  may  indicate 
Avhether  it  is  likely  to  have  involved  the 
bladder  or  not.  If  a  foreign  body  is  retained 
and  it  can  be  located  accurately  by  radio- 
graphy, the  track  may  be  reconstructed  from 
the  entrance  wound  to  its  ascertained  position. 
In  this  way  it  will  often  be  possible  to  deter- 
mine with  a  fair  degree  of  accuracy  what 
structures  have  been  involved  in  the  passage 
of  the  projectile.  The  accompanying  cross- 
sections  {Figs.  6-9)  are  taken  from  a  paper  by  Mr.  P.  T.  Crymble,^  and  I  am  indebted  to 


A.«-*l- 


i'm.  11. — Exit  wound  produced  b}'  a  bullet  which 
stnick  bone  and  dropped  back  into  the  bladder. 
Xote  the  surrounding  ecchymosis.  From  a  case  more 
recent  than  the  present  series. 
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him  for  his  kind  permission  to  reproduce  them.     A  glance  at  these  will  show  what  struc- 
tures are  likely  to  be  injured  by  woimds  sueh  as  have  just  been  described. 

Fate  of  the  Missile. — The  foreign  body  was  retained  in  33  cases.  In  10  of  these  it 
came  to  rest  in  the  l)ladder.  In  most  of  the  remaining  cases  it  lodged  in  the  pelvis  or  its 
walls,  occasionally  between  the  bladder  and  rectum.  In  one  case  the  foreign  body  lodged 
just  outside  the  bladder  wall,  while  in  another  it  was  found  later  by  cystoscopy  to  be  em- 
bedded in  the  wall,  in  process  of  ulcerating  its  way  through.  A  missile,  therefore,  may 
reach  the  bladder  and  contuse  it,  without  doing  further  damage,  as  in  Case  1  ;  it  may  lodge 
in  its  wall,  as  in  Case  53  ('22b)  ;  it  may  enter  its  cavity  and  remain  there,  as  in  the  10  cases 
referred  to  ;  or  it  may  make  a  second  opening  in  the  bladder  and  emerge,  to  lodge  in  the 
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tHi.  I'J. — Throii;ili-aii(l-tlirontrli  wound  of  blstdder  jiroduced  by  shell  fracmciit.  The  entrance  wound  is  larper 
than  the  exit,  probably  on  account  of  the  in-drivTn  bone  bcinp  retained  in  the  bladder.  The  exit  wound  in- 
volved the  i)critoneal  cavity  at  the  lower  part  of  the  rectovesical  pouch,  and  communicated  with  the  rectum. 
Note  the  c<-chynio«i»  of  the  bladder  wall  and  the  sujiorficial  necrosis  of  the  mucous  membrane.  The  missile  ha<l 
passed  tlirou;.'h  the  pubic  bone,  bladder,  rectum,  and  sacnim,  and  lod;.'ed  in  the  tissues  behind.  Deatii  took 
place   from   ^'as   infection   in   the   track  six   days   after   injiuy.      From   a  recent  case. 


pelvis  or  overlying  soft  parts,  or  to  escaj)c  from  the  body  altogether.  In  one  case  a  bullet 
passed  through  the  bladder  but  dropped  back  into  it  after  striking  bone — Case  13  (11a). 
In  a  few  cases  the  wound  was  apparently  tangential,  the  circumference  of  the  bladder  being 
injured  at  one  spot  only  (see  Fig.  15). 

The  Character  of  the  Wounds. — The  entrance  woimd,  which,  as  has  been  stated,  is 
often  in  the  btittock,  is  frequently  of  small  size  and  comparatively  insignificant  on  super- 
ficial examination  (Fig.  10).  To  reach  the  bladder  a  very  considerable  amount  of  tissue 
has  to  be  traversed,  and  the  length  of  the  track  may  be  six  inches  or  more  (Figs.  6-9). 
The  more  common  large  wounds  of  the  buttock  with  which  we  are  familiar  frequently 
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stop  short  of  the  bladder.  The  bony  girdle  may  arrest  the  missile  before  it  reaches  the 
depths  of  the  pelvis,  and  the  bladder  may  thus  be  spared.  In  the  wounds  under  consider- 
ation, however,  bone  is  often  injured,  and  splinters  may  be  driven  into  the  bladder  wall. 
The  wound,  therefore,  is  usually  of  the  nature  of  a  long  fistula,  the  walls  of  which  are  often 
severely  contused  and  liable  to  undergo  a  certain  amount  of  necrosis.     Along  this  track 


Fig.   13. — Bcctum   from    same   case   as   Fig.  12.      Note   the   ecchymosis   of  the   rectal   walls,   and   the  ring  cf 
necrosis  surrounding  the  wounds  of  entrance  and  exit ;    also  the  gangrenous  condition  of  the  peri-rectal  tissues. 


urine  and  sometimes  faeces  may  reach  the  surface.     The  frequency  and  importance  of  bone 
and  bowel  injurj-  wiU  be  dealt  with  later. 

The  wound  in  the  bladder  itself  was  of  the  most  varied  nature.  Sometimes  it  was 
a  perforation,  sometimes  a  tear  or  a  slit,  and  in  one  case  a  considerable  portion  of  the 
bladder  wall  had  been  shot  away.  In  pubic  wounds  involving  bone,  the  last  condition  is 
likely  to  be  present — Case  41  (10b).     When  there  is  a  peritoneal  wound  of  exit,  as  in  Ceise 
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27  (25a),  the  peritoneal  coat  may  be  split  for  a  longer  distance  than  the  remaining  coats  of 
the  bladder  wall.  There  is  likely  to  be  a  good  deal  of  ecchymosis  of  the  damaged  walls 
in  the  vicinity  of  the  wound  (Fig.  11),  and  for  some  distance  around,  and  this  has  in  a 
few  cases  been  demonstrated  by  cystoscopy  (see  Fig.  21).  A  wound  of  the  bladder  may 
be  intraperitoneal  only,  as  in  Cases  7  (5a)  and  4.5  (14b),  or  it  may  be  partly  intraperitoneal 
and  partly  extraperitoneal,  as  in  Cose  40  (9b).  When  entrance  and  exit  wounds  exist, 
there  may  be  both  an  intraperitoneal  and  an  extraperitoneal  opening  {Fig.  12),  as  in 
Cases  8  (6a)  (?),  13  (11a),  21  (19a),  27  (25a),  31  (29a),  36  (5b),  and  52  (21b),  or  both  wounds 
may  be  entirely  extraperitoneal,  as  in  the  remaining  cases.  (The  case  of  intraperitoneal 
rupture  and  the  case  of  contusion  only  are  excluded.) 

Associated  Injuries. — The  gravity  of  injuries  to  the  bladder  is  greatly  enhanced  by 
associated  damage  to  adjacent  structures.  In  the  present  series  35,  or  nearly  70  per  cent, 
were  complicated  by  injury  to  intestine  or  bone,  or  both.  In  26  cases  (50  per  cent)  there 
was  a  wound  of  some  part  of  the  lower  intestinal  tract,  and  13  of  these  were  also  compli- 
cated by  osseous  fracture.  There  were  19  cases  of  damage  to  the  rectum  (Fig.  13)  ;  in  3  of 
these  there  was  an  intraperitoneal  wound  ;  in  the  remainder  the  wounds  were  extraperi- 
toneal. In  6  cases  the  small  intestine  was  wounded,  and  in  several  of  these  the  damage  was 
such  as  to  require  resection  of  considerable  lengths  of  gut.  In  1  case  there  was  a  superficial 
wound  of  the  peritoneal  and  muscular  coats  of  the  pelvic  colon.  In  22  cases  (42  per  cent) 
there  was  damage  to  the  bones  of  the  pelvic  girdle.  The  pubic  bone  was  fractured  in  12 
cases,  once  in  association  with  the  sacrum,  once  with  the  great  trochanter,  and  once  with 
the  head  of  the  femur,  involving  the  hip-joint.  In  1  case  the  notes  state  that  the  bones 
entering  into  the  formation  of  the  obturator  foramen  were  damaged.  The  sacrum  was 
fractured  in  5  cases,  once  in  association  with  the  pubic  bone.  The  iliac  bone  was  fractured 
in  2  cases,  once  in  association  with  the  ischium.  The  ischium  alone  was  fractured  in  1 
case.  In  2  cases  the  coccyx  was  fractured.  It  is  possible  that  bone  injury  may  have 
been  more  frequent,  and  that  cases  of  fracture  may  have  escaped  notice,  when  it  was  not 
practicable  to  have  recourse  to  radiography.  Legueu^  found  fractures  in  25  of  his  43 
cases  of  bladder  injury  (over  58  per  cent). 

Wounds  in  the  region  of  the  neck  of  the  bladder  are  liable  to  be  accompanied  by 
damage  to  the  prostate,  and  the  notes  mention  this  complication  as  having  been  present 
in  7  cases.  This  estimate  may  be  incorrect,  as  injuries  in  this  region  are  difficult  to  locate 
with  accuracy.  I  have  thought  it  well  to  include  these  7  cases  as  injuries  to  the  bladder 
rather  than  the  urethra,  as  it  was  difficult  to  ascertain  the  exact  extent  of  the  damage. 

Other  complicating  injuries  were  present  as  follows.  The  anterior  crural  nerve  was 
injured  in  1  case,  the  sciatic  nerve  in  2  cases,  the  femoral  vein  in  1  case,  and  the  spine 
(concussion)  in  1  case  ;  involvement  of  the  spermatic  cord,  necessitating  orchidectomy,  was 
present  in  2  cases.  The  position  of  the  vesicula;  seminales  and  ejaculatory  ducts  renders 
them  liable  to  injury  when  the  bladder  and  rectum  are  simultaneously  involved  (Fig.  8)  ; 
only  in  a  few  cases,  however,  was  a  diagnosis  of  injury  to  these  structures  made.  Injuries 
in  other  regions  of  the  body  were  occasionally  present,  and  contributed  to  the  gravity  of~ 
the  case. 

The  more  important  combinations  of  bowel,  bone,  and  bladder  injury  met  with  may 
be  summarized  as  follows  :— 
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Bladder,  jjelvic  bone,  and  rectum           . .  . .  i     11 

,,                      ,,             „     small  intestine  . .  <       2 

Bladder  and  pelvic  bone           . .               . .  . .  0 

„            ,,     rectum                     .  .               .  .  . .  8 

„            ,,     Hinall  intestine      . .               .  .  .  .  4 

„            ,,     pelvic  colon           ...               . .  . .  1 
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SIGNS    AND    SYMPTOMS. 

No  apolog>-  need  be  offered  for  dealing  rather  fully  with  the  signs  and  sjTnptoms  that 
would  lead  one  to  suppose  an  injun-  had  been  done  to  the  bladder.  The  remarks  which 
follow  will  make  it  clear  that  these  lesions  may  escape  notice  in  the  early  stage  when  a 
comparatively  simple  operation  may  save  life.  Wounds  in  the  buttock  region  especially 
must  be  regarded  with  the  utmost  suspicion  imtil  their  direction  and  extent  have  been  care- 
fully studied.  An  intraperitoneal  wound  of  the  bladder  or  other  pelvic  \iscus  may  be 
entirely  overlooked,  as  in  Coses  2,  20  (18a).  27  (25a),  31  (29a),  and  47  (16b). 

In  Case  2  the  patient  gave  a  historj-  of  something  falling  across  the  abdomen  when  a 
shell  struck  his  dug-out.  There  was  a  wound  of  the  right  leg  and  one  of  the  scrotum. 
When  admitted  to  a  base  hospital  next  day  he  had  slight  rigidity  of  the  lower  abdomen, 
did  not  complain  of  any  pain,  but  was  tender  over  the  hypogastrium.  A  catheter  drew  off 
30  ounces  of  urine,  containing  some  albumin, 
a  few  pus  cells,  but  no  blood.  Death  took 
place  four  days  after  receipt  of  the  wound. 
Post  mortem,  peritonitis  was  found,  due  to  an 
intraperitoneal  rupture  of  the  bladder  (Fig.  14). 
In  this  case  the  sjinptoms  were  very  indefinite, 
and  the  recovery  of  30  ounces  of  clear  urine 
by  catheter  deceived  the  medical  officer. 

In  Case  20  (18a)  there  was  a  wound  in  the 
left  buttock.  A  catheter  drew  off  5  ounces 
of  clear  urine.  The  note  from  the  clearing 
station  stated  that  there  was  no  vomiting,  no 
true  rigidity,  and  no  dullness  in  the  flanks. 
Death  took  place  at  a  base  hospital  two  days 
after  injury-.  The  post-mortem  revealed  four 
perforations  in  the  small  intestine,  and  a  wound 
of  the  bladder  communicating  at  the  bottom 
of  the  pouch  of  Douglas  with  the  peritoneal 
cavity  ;   general  peritonitis  was  present. 

In  Case  27  (25a)  a  piece  of  shell,  entering 
by  the  right  groin,  had  gone  through  the 
bladder  and  torn  a  hole  in  the  rectum  through 
its  peritoneal  surface.  Laparotomy  was  f>er- 
formed  at  the  base  two  days  later,  but  the 
patient  succvunbed  from  peritonitis. 

In    Case   47    (16b)   a    shrapnel    ball    had 
entered  by  the  right  buttock  and   lodged   in 
the  bladder.     The   patient   was   evacuated  to 
the  base  next  day.     On  his  arrival  at  hospital 
Colonel  Elder  diagnosed  commencing  periton- 
itis, and  performed  laparotomy.     There  was  blood-stained,  urinous-smelling  fluid  in  the 
peritoneal   ca\ity.     The  site  of  the  leak  was  not  clear,  but  peritonitis  was  already  well 
established.     The  patient  made  a  good  recovery  after  removal  of  the  fluid  in  the  peri- 
toneal ca%ity  and  suprapubic  cystostomy. 

The  fact  that  these  cases  escaped  diagnosis  in  the  early  stages  shows  that  symptoms 
of  bladder  involvement  are  by  no  means  always  definite  and  unequivocal. 

Shock. — Shock  is  likely  to  be  present  when  other  severe  injuries,  such  as  extensive 
fractures  of  the  pelvic  bones  or  wounds  of  intestine,  complicate  the  case.  According  to 
Wallace,^  it  is  one  of  the  chief  causes  of  death  at  the  clearing  stations.  It  is  important  to 
remember,  however,  that  shock  may  be  almost  entirely  absent  in  certain  wounds  which 
prove  later  to  have  penetrated  to  the  bladder  or  even  to  one  of  the  other  hollow  viscera  in 
the  pelvic  region. 


L  v^'- 


FlG.  14. — Intraperitoneal  rupture  of  bladder  (Ca*f  2). 
The  peritoneal  coverins  is  split  to  a  greater  extent  tban 
the  remaininir  coats  oif  the  bladder.  Xote  the  exudate 
due  to  peritonitis. 
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Haemorrhage. — Harmorrhage,  like  shock,  contributes  largely  to  the  high  mortality  of 
wounds  of  tlie  bladder  at  the  front.  Cases  with  a  history  of  severe  ha^niorrliage  do  not 
often  reach  the  base.  In  the  early  stages  severe  bleeding  may  take  place  into  the  peritoneal 
cavity  or  from  the  external  wound.  Wallace^  states  that  wounds  of  the  pelvic  veins  are 
responsible  for  a  great  deal  of  the  luemorrhage.  In  addition  to  the  bleeding  which  takes 
place  externally  and  into  the  abdominal  cavity,  a  considerable  amount  of  blood  is  often 
foimd  in  the  bladder.  The  urine  voided  or  removed  by  catheter  usually  contains  blood 
in  greater  or  lesser  quantity,  but  two  of  the  cases  just  cited  show  that  this  important  sign 
may  be  absent.  In  the  cases  arriving  at  the  base  the  quantity  varied  from  a  slight 
colouring  of  the  urine  to  large  clots  which  distended  the  bladder.  In  some  instances  a 
considerable  amount  of  ecchymosis  in  the  skin  and  extravasation  of  blood  in  underlying 
tissues  was  present.  This  was  apparent  in  several  cases  in  the  hypogastrium,  the  perineum, 
or  the  scrotum  and  penis. 

Leakage  of  Urine. — Leakage  of  urine  irom  the  wound  in  the  bladder  is  one  of  the  most 
important  accompaniments  of  injury  to  the  organ.  This  may  appear  at  the  wound  in  the 
parietes,  or  be  more  or  less  concealed  in  the  form  of  extravasation  into  cellular  tissue  or 
leakage  into  the  peritoneal  cavity.  In  cases  reaching  the  base,  a  urinary  fistula  was  most 
frequent  in  the  region  of  the  buttock.     When  the  rectum  was  also  injured,  a  rectovesical 

fistula  usually  resulted  {Fig.  15),  and  urine  either 
escaped  into  the  bowel,  or  was  discharged,  often 
accompanied  by  faeces,  from  a  wound  in  the  parietes. 
The  urine  may  escape  from  the  entrance  wound,  from 
the  exit  wound  when  present,  or  from  a  wound 
made  by  the  surgeon  for  drainage  or  the  recovery  of 
a  foreign  body.  In  some  cases  the  appearance  of  the 
fistula  may  be  delayed  for  a  few  days  after  the  occur- 
rence of  the  injury.  In  Case  36  (5b),  for  instance, 
urine  did  not  make  its  appearance  in  the  wound  imtil 
three  days  had  elapsed.  This  was,  no  doubt,  due  to 
the  time  taken  for  the  disintegration  and  discharge 
of  sloughs  in  the  long  fistulous  track.  Although  it  is 
{piite  common  for  urine  to  escape  into  the  rectum, 
it  has  not  been  noticed  in  the  cases  under  review 
that  there  has  been  much  tendency  for  the  faeces  to 
be  discharged  into  the  bladder.  The  escape  of  gas 
by  the  urethra,  however,  has  been  noted,  as  in  Cose 
32  (lb).  The  size  of  the  communicating  opening 
between  the  bladder  and  rectum  will,  of  course,  deter- 
mine the  occurrence  of  this  disagreeable  complication. 
In  most  of  the  cases  of  the  present  series  there  was  a  urinary  fistula,  and,  as  has  been 
stated,  the  site  was  most  frequently  the  buttock.  Other  situations  were  the  suprapubic-" 
region,  the  ischiorectal  fossa,  the  groin,  and  the  thigh.  In  a  few  cases  there  was  no  fistula. 
In  Case  25  (23a),  for  instance,  though  a  foreign  body  1  x  1  x  J  cm.  in  size  was  found  in  the 
bladder,  no  leakage  took  place  through  the  parietes.  In  Case  28  (26a)  (Fig.  21),  where 
two  minute  foreign  bodies  were  seen  in  the  bladder,  there  was  no  leak  at  any  time.  In 
Case  15  (13a),  it  is  perhaps  doubtful  if  the  missile  had  actually  perforated  the  bladder; 
no  leakage  was  observed. 

Urine  which  has  escaped  from  the  bladder  may  fail  to  reach  the  surface  and  be  extra- 
vasated  into  the  perivesical  tissue  described  in  the  paragraph  on  anatomy.  Under  these 
circumstances  it  may  show  itself  as  a  diffuse  swelling  in  the  suprapubic  region,  or  may  be 
detected  as  a  tumefaction  in  the  pelvis  by  rectal  examination. 

Betention  of  Urine. — After  an  injury  to  the  bladder  it  is  quite  common  for  the  patient 
to  be  unable  to  micturate  for  two  or  three  days.  If  the  wound  is  small,  distention  of  the 
bladder  may  occur  and  require  the  use  of  the  catheter.  This  applies,  of  course,  to  those 
cases  in  which  supraj)ubic  cystostomy  has  not  been  performed. 


A.  K-/^A«w«»-i. 

KKi;  to. — Sitrmoidoscopic  view,  nii;e  daj-s 
after  injury,  of  anterior  wall  of  rectum,  showiiif; 
recto-vesical  fistula,  2J  inches  from  anus,  pro- 
duced by  a  bullet  which  p!us«e<l  transversely 
between  bladder  and  rectum.  Note  the  central 
slouch  and  the  surroundintr  inflamed  area. 
Itecovery   without   oiiention. 
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Pain. — A  sudden,  sharp  pain  may  occur  when  the  bladder  is  struck.  When  the  patient 
arrives  at  the  base,  however,  pain  referred  to  the  bladder  is  not  a  constant  feature.  If  a 
foreign  body  has  been  retained  in  the  bladder,  or  if  cystitis  has  superNcned,  the  recognized 
symptoms  of  these  conditions  will  be  present. 

Tenderness  and  Rigidity. — In  a  fair  proportion  of  cases  of  bladder  injury,  even  if 
entirely  extraperitoneal,  there  is  some  tenderness  and  rigidity  in  the  h\-pogastrium.  The 
presence  of  these  signs  led  to  an  incorrect  diagnosis  of  intraperitoneal  injurj'  and  to  explor- 
atory- laparotomy  in  5  cases.  Nevertheless,  with  the  cases  pre\-iously  mentioned  in  our 
mind,  in  which  a  timely  laparotomy  might  have  saved  life,  we  are  bound  to  admit  that  it 
is  better  to  err  on  the  safe  side,  lest  an  intraperitoneal  perforation  should  escape  attention. 

Vomiting. — Vomiting  is  occasionally  seen  in  cases  of  bladder  injurj-  in  which  the 
peritoneal  coat  is  intact.  On  the  other  hand,  it  nmy  be  entirely  absent  in  the  first  hours 
of  an  intraperitoneal  lesion. 

Fever. — .\s  in  most  war  wounds,  fever  is  conmionly  present,  and  depends  largely 
upon  the  amount  of  infection  in  the  soft  parts  and  bone.  When  it  persists,  pelvic  cellulitis, 
abscess  formation,  osteomyelitis,  or  spread  of  infection  to  the  kidney,  should  be  suspected. 

METHODS   OF   EXAMINATION. 

In  examining  a  case  of  suspected  injurj-  to  the.  bladder,  attention  should  be  paid  to 
the  position  and  direction  of  the  wounds,  and  to  the  accurate  localization  of  foreign  bodies, 
if  present.  Radiography  will  determine  the  presence  or  absence  of  bone  lesions  and  the 
situation  of  retained  projectiles  ;  cystoscopy  will  discover  a  missile  or  bone  fragment  in 
the  cavity  of  the  bladder,  or  a  lesion  of  its  wall ;  and  rectal  examination  will  give  valuable 
information  as  regards  wounds  of  the  lower  bowel,  fluid  accumulations  in  the  peKic  con- 
nective tissue,  and  palpable  foreign  bodies.  Leakage  of  urine  into  the  peritoneal  cavity 
may  fail  to  give  rise  at  first  to  acute  abdominal  symptoms,  so  that  a  careful  watch  must 
be  kept  on  all  doubtful  cases.  Fluid  issuing  from  a  wound  in  the  parietes  may  be  diagnosed 
as  urine  by  its  smell,  by  chemical  examination,  or  by  its  becoming  rapidly  coloured  after 
subcutaneous  or  intramuscular  injection  of  such  substances  as  indigocarmine  or  methylene 
blue.  The  amount  of  urine  escaping  may  be  verj-  small,  most  of  the  contents  of  the  bladder 
being  expelled  by  the  natural  passage,  or  the  greater  part  of  the  urine  may  leak  through 
the  wound  in  the  parietes.  The. quantity  will  var\-  with  the  size  of  the  opening  in  the 
bladder,  the  length  and  calibre  of  the  fistula,  and  the  amount  of  swelling  present  in  its  walls. 
In  a  few  cases  of  bladder  injury  leakage  occurs  only  during  efforts  to  micturate,  or  is 
increased  thereby.  As  a  rule,  however,  it  is  continuous  and  independent  of  micturition.  In 
cases  of  injur\-  to  the  urethra,  on  the  contrary-,  leakage  occurs  only  during  micturition, 
unless  the  sphincteric  apparatus  of  the  bladder  is  also  damaged.  Fluid  injected  at  the 
meatus  readily  escapes  from  the  fistula,  as  a  rule,  in  urethral  injuries,  whereas  in  bladder 
injuries  this  is  not  likely  to  take  place  until  considerable  pressure  has  been  used  and  a  larger 
amount  of  fluid  has  been  injected.  The  distinction  is  of  importance  from  the  point  of 
view  of  treatment.  The  integrity  of  the  sphincter  vesicae  is  valuable  in  protecting  the 
bladder  from  infection,  especially  if  the  urethral  wound  is  made  to  communicate  freely 
with  the  surface  by  an  incision  in  the  perineum.  I  have  had  the  opportunity  of  examin- 
ing several  of  these  cases,  and  have  found  the  bladder  healthy,  except  when  it  has  been 
infected  by  a  catheter.  Suprapubic  cystostomy  under  these  circumstances  is  unnecessary 
and  harmful. 

The  position  of  the  ureter  as  it  skirts  the  pehic  wall  should  be  kept  in  mind.  A  leak 
from  the  buttock  may  be  due  to  an  injur\-  of  this  structure  (Fig.  6).  Cystoscopic  examina- 
tion with  ureteral  catheterization  would  prove  invaluable  in  such  a  caise. 

Haematuria  should  raise  strong  suspicions  of  bladder  injunk%  bui  it  is  necessarj'  to 
emphasize  the  fact  that  cases  of  haemorrhagic  cystitis  have  been  comparatively  frequent 
during  this  war,  and  that  this  condition  may  be  present  in  a  wounded  man  apart  from 
bladder  injur\-.  The  following  case  illustrates  difficulties  that  may  be  encountered.  A 
man  was  struck  with  a  large  piece  of  shell  in  the  loin  at  the  level  of  the  iliac  crest.     Forty- 
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Fig.  17. — Contusion  of  bladder  wall  produced  by 
shrapnel  ball.  Ecchymosis,  with  large  adherent 
clot.     From  Case  1,  two  days  after  injury. 


FIG.  18. — Wound  of  bladder  wall  behind  trigone, 
produced  by  shell.  Localized  cystitis.  From  Case 
6  (-la),  six  days  after  Injury. 


FIG.  10. — HiBmorrliagic  cystitis  following  a  wound  in  the  lumbar  region. 
No  direct  injury  to  kidney,  ureter,  or  bladder. 


FIG.    19. — V.'oiind   of  entrance   and  bullet  in   bladder.    Moderate  degree  of  cystitis 
W  =  Wcund  ;    U  »«  Ureteric  orifice.     From  Case  13  (11a),  13  days  after  injury. 
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Fig.  11.— Two  small  frag- 
ments of  shell  in  bladder. 
Patches  of  eocbymosis  on  ma- 
cous  membrane. "  From  Cote  28 
(26a),  3  weeks  after  injury. 


Fig.  22. — Soar  on  posterior 
wall  of  bladder  after  a  wound  by 
shrapnel  ball.  Mild  degree  of 
cystitis,  and  a  few  flecks  of 
mnco-pus.  From  Case  52  (21b), 
two  months  after  injury. 


Fig.  20. — Shell  fragment  in 
bladder.  Slight  degree  of  cystitis. 
From  Case  24  (22a),  four  days  after 
injury. 


Cloth. 


Fig.  23. — Large  piece  of  shell  ulcerating  through  bladder  wall.     Note  the  adherent  sloughs 
and  the  surrounding  cTBtftis.     From  CaseoZ  (22b),  thirteen  days  after  injury. 


36  THE    BRITISH    JOURNAL    OF    SURGERY 

eight  hours  later  he  had  severe  hapniaturia.  On  cystoscopie  examination,  we  found 
intense  congestion  of  the  bhiddcr  wall,  obliteration  of  the  vessels,  numerous  patches  of 
ecchymosis  widely  scattered,  and  films  of  muco-pus  attached  to  the  mucous  membrane. 
Streptococci  and  staphylococci  were  found  in  the  urine.  When  the  cystitis  had  subsided, 
ureteral  catheterization  was  carried  out.  The  specimen  from  each  ureter  contained  strepto- 
cocci, albumin,  some  leucocytes,  and  a  few  red  cells.  Casts  were  also  present.  I  was  at 
first  inclined  to  the  view  that  we  were  dealing  with  a  case  of  'concussion'  of  the  bladder 
from  shell  injury,  but  further  exjjcrience  would  suggest  that  this  was  a  case  of  ha^morrhagic 
cystitis,  the  infecting  organism  having  probably  gained  entrance  to  the  circulation  by  the 
wound.  Fig.  16  represents  the  condition  found  when  the  cystitis  had  largely  disappeared, 
leaving  the  patches  of  ecchymosis  still  unabsorbed.  If  there  was  any  doubt  in  a  similar 
case  in  future,  the  sigmoidoscope  might  be  used  to  ascertain  if  any  similar  patches  were 
present  in  the  rectum.  Patches  in  both  bladder  and  rectum  would  favour  the  diagnosis 
of  traimia. 

Finally,  if  the  surgeon  is  still  in  doubt,  a  measured  quantity  of  bland  fluid  may  be 
injected  into  the  bladder,  and  the  amount  recovered  ascertained.  This  is  a  clumsy  method, 
and  may  fail  to  give  the  desired  information.  If  a  cystoscope  is  at  hand,  and  the  skill  to 
use  it  available,  a  small  aperture  that  might  otherwise  be  missed  may  be  discovered.  As 
there  is  likely  to  be  a  good  deal  of  ecchymosis  in  the  neighbourhood  of  the  wound,  the 
surgeon  may  thus  be  guided  to  a  perforation. 

Cystoscopy. — Routine  cystoscopie  examination  in  bladder  injury  is  not  possible  in 
war  time.  Nevertheless,  I  have  been  able  to  carry  out  this  procedure  in  11  cases,  repre- 
senting several  types  of  injury.  I  have  not  had  the  opportunity  of  conducting  examina- 
tions within  the  first  few  hours  ;  the  earliest  period  has  been  two  days  after  injury.  The 
following  cases  were  investigated  in  this  way  : — 

Case  1,  in  which  a  shrapnel  ball  had  contused  but  not  penetrated  the  bladder,  was  examined 
two  days  after  injury.  A  ha?matoma  of  the  bladder  wall  with  an  adherent  clot  was  found.  There 
was  no  cystitis  (Fig.  17). 

Case  3  (la),  in  which  a  wound  of  the  bladder,  rectum,  and  sacrum  had  been  produced  by  a 
bullet,  was  examined  about  a  month  after  injury.  A  disappearing  cystitis  of  moderate  degree 
was  found. 

Case  6  (-ta),  in  which  a  fragment  of  shell  had  produced  a  wound  of  the  bladder,  giving  rise  to 
leakage  in  the  buttock,  was  examined  six  days  after  injury.  Localized  .cystitis  of  moderate  degree 
was  found,  and,  behind  the  trigone,  a  circular  aperture  about  a  third  of  an  inch  in  diameter  and 
dark  in  colour.  The  last  was  probably  an  entrance  wound,  covered  with  sloughs,  but  it  may  have 
been  commencing  necrosis  of  the  mucous  membrane  over  the  situation  of  a  piece  of  metal  known 
to  be  retained  in  the  pelvis  (Fig.  18).  On  the  left  lateral  wall,  a  spot  covered  by  a  white  membrane 
was  seen.  This  was  probably  the  site  of  an  exit  wound  produced  by  a  second  piece  of  metal,  also 
known  to  be  retained  further  forward  in  the  pelvis.  An  area  of  oedema  and  redness  in  the  vicinity 
of  the  white  membrane,  and  spots  of  ecchymosis  posterior  to  the  latter,  were  also  seen.  On  the  right 
side  of  the  bladder,  the  vessels,  though  blurred,  were  visible.  Flecks  of  muco-pus  were  seen  scat- 
tered over  the  mucous  membrane. 

Case  9  (7a),  in  which  a  piece  of  shell  had  wounded  the  bladder  and  rectum  and  embedded  itself  . 
in  the  sacrum,  was  examined  eight  days  after  injury.     Cystitis  was  present,  but  no  ecchymosis 
was  seen.     The  aperture  in  the  bladder  could  not  be  detected. 

Case  1.3  (11a),  in  which  a  bullet  had  entered  the  bladder  after  producing  six  perforations  in  the 
small  intestine,  was  examined  thirteen  days  after  injury.  The  bullet  was  seen  lying  free  in  the 
cavity  (Fig.  19).  There  was  a  mild  degree  of  cystitis,  and  some  ecchymosis  on  the  anterior  wall, 
against  which  the  bullet  had  impinged  before  falling  back  into  the  bladder.  The  woimd  of  entry, 
previously  dealt  with  by  laparotomy,  was  represented  by  a  slit  in  the  mucous  membrane  of  the 
posterior  wall.  Its  slit-like  appearance  may  have  been  due  to  the  previous  suture  of  the  peritoneal 
surface  by  Captain  Thomas  at  a  clearing  station.  There  was  some  redness  andtedema  around  the 
wound.     The  lips  of  the  slit  were  curled  a  little  outwards. 

Case  14  (12a),  in  which  a  shrapnel  ball  had  wounded  the  bladder  and  led  to  leakage  through 
the  buttock,  was  examined  ten  days  after  injury.  A  small  area,  of  dee{)-red  velvety  colour,  with 
decks  of  muco-pus  on  it,  was  found  far  back  on  the  posterior  wall,  a  little  to  the  right  of  the  middle 
line,  surrounded  by  healthy  mucous  membrane.  There  was  a  good  deal  of  redness  around  the 
left  ureteral  orifice.     The  aperture  in  the  bladder  wall  could  not  be  identified. 

Case  22  (20a),  in  which  a  bullet  had  traversed  the  neck  of  the  bladder  or  the  prostate,  shatter- 
ing the  pubic  bone,  was  examineri  six  months  after  injury.  There  was  a  moderate  degree  of  cystitis, 
most  marked  at  the  base,  and  phosphatic  debris  on  the  way  to  become  a  calculus.     Specimens 
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were  obtained  from  both  ureters,  and  were  found  to  be  free  from  albumin,  pus,  and  blood.  The 
aperture,  being  so  far  forward,  was  invisible  by  the  cystoscope. 

Case  24  (22a),  in  which  a  piece  of  shell  had  entered  the  bladder  after  having  lacerated  the 
rectum  and  prostate,  was  examined  four  days  after  injurj-.  There  was  a  mild  degree  of  cystitis, 
and  the  foreign  body  could  be  seen  lying  free,  surrounded  by  blood-clot.  After  washing  away  the 
latter  a  coloured  drawing  was  made  (Fig.  20).  The  urethroscope  was  now  used  to  ascertain  the 
position  of  the  opening,  which  was  found  in  the  prostatic  urethra,  partially  hidden  by  greyish, 
cauhflower-shaped  granulations. 

Case  28  (26a),  in  which  two  minute  fragments  of  shell  had  entered  the  bladder,  was  examined 
three  weeks  after  injur\-.  There  was  a  mild  degree  of  cystitis,  the  vessels  being  blurred,  but  still 
visible.  Two  minute  angular  particles  were  found  free  on  the  bladder  wall.  Several  small  points 
of  ecchymosis  were  seen  on  the  right  side,  one  or  two  just  outside  and  above  the  ureteral  orifice,  and 
three  or  four  on  the  right  lateral  wall  (Fig.  21 ). 

Case  52  (21b),  in  which  a  shrapnel  ball  had  injured  the  coccyx,  the  rectimi,  and  the  bladder, 
was  examined  two  months  after  injurj-.  There  was  a  slight  degree  of  cystitis,  and  a  radiating  scar 
was  seen  on  the  posterior  wall,  with  a  leash  of  vessels  converging  towards  it.  The  appearance  is  well 
seen  in  Fig.  22.  A  raw  surface  marked  the  position  of  the  suprapubic  wound,  not  yet  completely 
healed. 

Case  53  (22b),  in  which  a  fragment  of  shell  had  lodged  in  or  near  the  bladder  wall,  was  examined 
thirteen  days  after  injurj'.  Well  l>ehind  the  interureteric  bar,  near  the  middle  line,  an  aperture 
was  seen  about  one-third  of  an  inch  or  so  in  diameter,  with  white  adherent  sloughs.  The  edges  of 
this  opening  were  red  and  swollen  and  rather  sharply  cut.  There  was  much  oedema  and  cystitis 
around.  At  the  base  of  the  bladder  the  vessels  were  blurred  but  still  visible.  After  clearing  away 
some  of  the  sloughs  with  a  stiff  ureteral  catheter,  the  foreign  body  was  disclosed  lying  in  a  cavity 
communicating  with  the  interior  of  the  bladder.  The  coloured  drawing  represents  accurately  the 
state  of  affairs  found  {Fig.  23). 

It  will  be  noticed  that  in  some  of  these  cases  the  aperture  in  the  bladder  was  not  dis- 
covered. This  is  particularly  likely  to  occur  when  the  opening  is  near  the  neck,  an  area 
almost  impossible  to  examine  with  the  ordinary-  cystoscope.  In  the  other  cases  the  aper- 
ture may  have  been  hidden  by  haemorrhage  or  inflammatory'  swelling. 

The  presence  of  patches  of  ecchymosis  appears  to  be  a  common  feature,  and  this  is 
what  one  would  expect.  

The  degree  of  cystitis  was  very  much  less  than  might  have  been  anticipated,  especially 
with  shell  wounds,  in  several  of  which  portions  of  clothing  were  known  to  have  been  carried 
in.  In  some  the  cystitis  was  local  in  character,  and  in  all  it  was  of  a  moderate  degree  of 
severity.  Attention  will  be  drawn  later  to  two  cases,  not  cystoscoped,  in  which  a  more 
virulent  cystitis  was  present,  and  in  which  necrosis  of  the  mucous  membrane  resulted  ;  on 
the  whole,  however,  the  condition  of  the  mucous  membrane  of  the  bladder  was  a  secondary 
feature  in  the  case.  This  comparative  immunity  may  have  been  due  to  the  careful  irriga- 
tion carried  out  in  most  of  the  cases ;  but  one  is  driven  to  the  conclusion  that  the  mucous 
membrane  in  a  healthy  young  subject  is  resistant  to  infection. 

It  is  impossible  to  state  the  characteristic  appearances  of  an  opening  produced  by  a 
missile  from  the  cystoscopic  findings  here  recorded.  Large  tears  and  perforations  preclude 
the  possibility  of  cystoscopy,  and  these  descriptions  must  be  regarded  as  examples  of 
certain  tyi>es  of  injury  only.       _ 

COMPLICATIONS. 

Pelvic  Cellulitis  is  the  most  important  complication  of  wounds  of  the  extraperitoneal 
area  of  the  bladder.  There  were  5  cases  in  the  present  series  in  which  it  was  the  cause  of, 
or  greatly  contributed  to,  the  fatal  issue.  The  anatomical  conditions  which  favour  its 
occurrence  and  the  direction  of  its  spread  have  been  already  described. 

Peritonitis. — Peritonitis  is  likely  to  occur  when  there  has  been  an  intraperitoneal 
injur}'-  to  the  bladder  alone  or  in  association  with  one  of  the  other  pel\ic  viscera.  In  the 
4  cases  in  which  it  occurred  it  was  due  to  an  unrecognized  lesion  of  small  intestine,  rectum, 
or  bladder,  and  death  ensued  in  3  of  these.  In  the  remaining  case,  early  recognition, 
followed  by  operation,  saved  the  patient. 

Extravasation  of  Urine. — As  has  been  incidentally  mentioned,  a  certain  amount  of 
extravasation  of  urine  is  likely  to  take  place  in  extraperitoneal  wounds.  The  infiltration 
takes  place  in  the  perivesical  and  perirectal  connective  tissue,  but  is  not  common  between 
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the  bladder  and  rectum  at  the  area  where  these  structures  are  closely  connected  by  firm 
fibrous  adhesions.  In  several  cases  it  was  an  important  factor.  It  produced  sloughing  of 
the  scrotum  in  Case  43  (12b)  ;  in  C<ise  48  (17b)  the  bladder  was  found  on  operation  to  be 
floated  up  as  on  a  water-bed  on  a  collection  of  urine  which  had  extravasated  from  a  lesion 
of  the  anterior  wall  ;  in  Case  51  (20b),  in  which  the  prostatic  urethra  was  found  completely 
severed  from  the  bladder,  a  large  space  was  found  at  the  base  of  the  latter,  filled  with  old 
blood-clot,  urine,  and  faeculent  material. 

Cystitis.  —  It  is  probable  that  in  every  case  of  penetration  of  the  bladder  a  certain 
amount  of  cystitis,  local  or  general,  occurs.  In  the  cases  examined  with  the  cystoscope, 
the  degree  of  cystitis  was  comparatively  slight  and  the  symptoms  mild.  In  the  present 
series  the  patients  treated  otherwise  than  by  suprapubic  cystostomy  did  not  suffer  from 
the  scalding,  tenesmus,  frequency  of  micturition,  and  penile  pain  so  common  in  severe 
cystitis  in  civil  practice.  The  cystoscopic  appearances  in  the  few  cases  examined  have 
already  been  described.  In  the  following  two  cases  the  condition  was  sufficiently  severe  to 
cause  necrosis  of  a  considerable  area  of  the  mucous  membrane.  In  Case  12b  (43),  treated 
by  suprapubic  cystostomy  for  a  bullet  wound  of  the  lateral  wall,  a  cast  of  the  bladder  came 
away  later,  on  washing  through  the  suprapubic  wound.  In  Case  28a  (30),  already  referred 
to,  the  patient  died  from  pelvic  cellulitis  and  gas  gangrene  of  the  ilio-psoas  and  muscles  of 
the  adductor  region,  following  a  bullet  wound  which  traversed  bone,  rectum,  and  bladder. 
On  post-mortem  examination  the  mucous  membrane  over  the  greater  part  of  the  bladder 
was  found  grey  and  necrotic  (see  Fig.  12).  Microscopical  examination  confirmed  the  dia- 
gnosis. The  micro-organisms  found  in  the  urine,  in  the  cases  bacteriologically  examined, 
included  streptococci,  staphylococci,  and  coliform  bacilli. 

Epididymitis. — This  is  liable  to  occur,  first,  when  the  prostatic  urethra  is  involved,  as 
in  Case  11  (9a),  and  secondly,  when  the  vesiculae  seminales  or  ejaculatory  ducts  have 
shared  in  the  injury.  In  Case  17  (15a),  in  which  the  rectum  was  also  involved,  it  is 
quite  likely  that  the  epididymitis  spread  back  from  the  vesicula  or  the  ejaculatory 
duct  of  that  side.  In  Case  28  (26a)  also  it  was  thought  that  this  was  the  cause  of  a 
severe  epididymitis.  There  were,  in  all,  3  cases  with  this  complication  while  the  patients 
were  in  France. 

Spread  of  Infection  to  the  Kidneys. — As  a  rule  the  cases  in  the  present  series  were  not 
kept  sufficiently  long  in  France  to  allow  time  for  the  development  of  this  complication. 
Whether  it  is  a  common  occurrence  or  not  will  be  shown  by  the  future  historj'  of  the  cases, 
when  that  is  available.  Case  22  (20a)  was  examined  from  this  point  of  view  six  months 
after  an  injury  to  the  neck  of  the  bladder.  The  sinuses  in  the  buttock  and  thigh  had  not 
entirely  closed  at  this  date,  as  a  large  amount  of  bone  had  had  to  be  removed  for  necrosis. 
The  kidneys  were  quite  free  from  disease,  though  cystitis  had  been  present,  probably  for  a 
considerable  time.  In  Case  34  (3b)  the  post-mortem  report  states  that  there  was  some 
passive  congestion  of  the  kidneys  and  some  pus  in  the  pelves.  In  Case  35  (4b)  suppression 
of  urine  occurred  before  death,  but  the  post-mortem  report  states  that  there  was  no 
apparent  kidney  trouble.  In  several  other  post-mortem  reports  it  is  stated  that  the 
kidneys  were  healthy. 

Osteomyelitis  and  Necrosis. — Cases  with  osseous  fracture  are  frequently  complicated 
by  osteomyelitis  and  necrosis.  In  Case  22  (20a),  for  instance,  a  large  portion  of  the  right 
side  of  the  pubic  bone  necrosed  and  was  removed.  Necrosed  fragments  were  also  removed 
in  Case  11  (9a).  Doubtless  a  number  of  the  cases  evacuated  to  England  will  require 
sequestrotomy. 

Involvement  of  tlie  Hip-joint. — ^This  occurred  in  Case  22  (20a),  and  was  due  to  the 
extension  of  a  rarefying  osteitis  from  the  seat  of  fracture  to  the  acetabulum.  No  suppura- 
tion took  place  in  the  joint,  and  the  latter  finally  settled  down  with  some  restriction  of 
movement.  In  Case  30  (28a)  the  hip-joint  was  involved,  but  the  patient  died  before  any 
symptoms  referable  to  it  became  manifest. 

Gas  Infection. — There  were  4  cases  of  severe  gas  infection,  involving  the  abdominal 
wall  in  Case  8  (6a),  the  groin  in  Case  10  (8a),  the  adductor  region  in  Case  30  (28a),  and 
the  glutei  and  psoas  muscles  in  Case  44  (13b).     In  the  last  two  cases  it  was  a  contributory 
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cause  of  death.  In  one  of  the  fatal  cases,  30  (28a),  the  mucous  membrane  of  the  bladder 
was  necrotic,  but  it  is  difficult  to  say  whether  this  was  due  to  anaerobic  infection  or  not. 

Secondary  Haemorrbage. — In  Case  9  (7a)  very  severe  haemorrhage  took  place  on  the 
twelfth  day.  shortly  after  an  attempt  to  remove  a  foreign  body  embedded  in  the  sacrum. 
In  the  other  cases  no  haemorrhage  sufficient  to  call  for  special  treatment  occurred  while 
the  patients  were  in  PVance. 

Faecal  Fistula. — Faecal  fistula  was  present  in  15  cases.  In  14  of  these  it  communicated 
with  the  rectum.  In  the  remaining  case,  8  (6a),  the  faeces  appjeared  to  come  from  the  small 
intestine,  twenty  inches  of  which  had  been  removed  by  a  previous  laparotomy.  In  this 
case  faeces  appeared  in  the  abdominal  wound  on  the  ninth  day  after  operation,  accom- 
panied by  a  discharge  of  urine.  In  many  of  the  above  cases  the  wound  in  the  parietes 
discharged  both  urine  and  faeces.  The  position  of  the  rectal  wound  or  wounds  can  in  some 
cases  be  found  by  digital  examination,  or,  if  this  faUs,  by  the  sigmoidoscope. 

Rectovesical  Fistala. — ^Among  the  19  cases  of  injurj-  to  the  rectum,  a  rectovesical 
fistula  was  present  in  13. 

Faecal  Extravasatioii. — .\  small  amount  of  pent-up  faecal  extravasation  in  the  peri- 
vesical space  was  found  in  Case  51  (20b). 

Lung  CompUcations — Bronchitis  of  a  severe  tj-pe  was  present  in  Case  22  (20a),  and 
pneumonia,  probably  septic,  in  Cases  34  (3b),  41  (10b),  and  51  (20b).  The  latter  was  a 
very  serious  complication,  and  all  three  cases  died. 

Intestiiuil  Obstruction. — In  Case  45  (14b)  adhesions  took  place  between  the  small 
intestine  and  the  spot  at  which  an  intraperitoneal  injurj-  to  the  rectum  had  been  sutured. 
The  patient  died. 


MORTALITY   AND    CAUSES    OF  DEATH.* 

Wallace^  gives  the  mortality  of  tmcomplicated  bladder  wounds  as  56  per  cent,  14  deaths 
in  25  cases  ;  he  says,  "  in  the  cases  of  complicated  wounds,  the  picture  is  dismal  in  the 
extreme."  In  the  present  series  the  mortality  was  over  24  per  cent,  13  deaths  in  53  cases 
reaching  the  base.    The  cause  of  death  in  these  cases  was  as  follows  : — 

Ctise  2. — Died  from  peritonitis  due  to  an  intraperitoneal  rupture  of  the  bladder  caused  by  a 

fall  of  earth  on  the  abdomen.     Laparotomy  was  not  performed.     (See  Fig.  14.) 
Case  20  (I8a). — Shell  wound.    Died  from  peritonitis  following  four  perforations  in  the  small 

intestine.     There  was,  in  addition,  an  extraperitoneal  wound  of  the  bladder  and  a  fracture 

of  the  ischium.     Laparotomy  was  not  performed. 
Case  27  (25a). — Shell  wound.     Died  from  peritonitis  following  an  intraperitoneal  injury  to 

bladder  and  rectum.     There  was  also  a  fracture  of  the  pubic  bone.     .\  late  laparotomy 

was  performed  at  the  base. 
Case  30  (28a). — Bullet  wound.     Died  of  pelvic  cellulitis  and  gas  gangrene  of  the  ilio-psoas, 

pectineus,  sartorius,  gracilis,  and  adductors,  following  an  extraperitoneal  wound  of  the 

bladder  complicated  by  fracture  of  the  pubic  bone  and  head  of  femur  and  a  wound  of  the 

rectum. 
Ctise  32  (lb). — Shrapnel- ball  wound.      Died  from  pelvic  cellulitis  following  an  extraperitoneal 

wound  of  the  bladder  complicated  by  fracture  of  the  sj-mphysis  and  a  wound  of  the  rectum. 
Case  34  (3b). — Shell  wound.    Died  from  pehnc  cellulitis  and  septic  pneumonia  following  an 

extraperitoneal  wound  of  the  bladder  complicated  by  fractiu-e  of  the  iliac  bone  and  the 

ischiimi.     There  was,  in  addition,  a  compound  fractiu-e  of  the  bones  of  the  right  forearm 

and  a  wound  of  the  left  leg. 
Case  35  (4b). — Bullet  wound.    Died  of  pelvic  cellulitis  extending  downwards  and  backwards 

from  the  space  of  Retzius,  following  an  extraperitoneal  wound  of  the  bladder  complicated 

by  a  large  rent  in  the  rectum. 
Case  37  (6b). — Nature  of  missile  imknown.    Died  of  peKic  cellulitis  following  an  extraperitoneal 

wound  of  the  bladder.     There  were  no  complicating  injuries. 
Case  9  (7a). — Shell  wound.    Died  from  haemorrhage  in  the  depths  of  the  pelvis  after  an  attempt 

to  remove  a  foreign  body.     There  was  also  an  extraperitoneal  wound  of  the  outer  coats 

of  the  rectum  not  involving  the  lumen. 

*  See  corrections  under  '  Late  Results,'  p.   45. 
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Case  41  (10b). — Nature  of  missile  unknown.  Died  of  septic  pneumonia  following  an  extra- 
peritoneal wound  of  the  bladder  complicated  by  an  extensive  fracture  of  the  pubic  bone. 
The  anterior  wall  of  the  bladder  had  been  torn  away. 

Case  51  (20b).— Bullet  woiuid.  Died  of  septic  pneumonia  following  an  extraperitoneal  wound 
of  the  bladder  complicated  by  injury  to  the  prostate  and  rectum  and  fracture  of  the  pubic 
bone  and  great  trochanter  of  the  femur. 

Case  45  (14b). — Shell  woimd.  Died  of  intestinal  obstruction  after  suture  of  an  intraperitoneal 
woimd  of  the  rectum. 

Case  44  (13b).^ — Bidlet  wound.  Died  of  gas  gangrene  of  the  glutei  and  psoas  muscles  with 
generalized  anaerobic  infection,  following  an  extraperitoneal  wound  of  the  bladder  compli- 
cated by  fracture  of  the  bones  of  the  obturator  foramen. 

Of  the  gunshot  wounds  that  proved  fatal,  5  cases  had,  as  complications,  injury  to  the 
rectum  and  the  bones  of  the  pelvis,  3  had  bone  injury,  2  had  injury  to  the  rectum,  1  had 
injury  to  small  intestine  and  bone,  and  1  had  no  bone  or  bowel  complication. 

One  of  the  most  frequent  causes  of  death  was  pelvic  cellulitis.  Of  the  5  eases  in  which 
death  was  due  to  this  cause,  4  were  treated  by  early  suprapubic  cystostomy,  and  1,  Case 
30  (28a),  by  drainage  of  the  bladder  through  existing  wounds. 

TREATMENT. 

In  a  previous  communication,'*  I  expressed  views  on  the  treatment  of  certaiif  types  of 
wounds  of  the  bladder,  which  did  not  meet  with  universal  acceptance.  These  views  I  still 
hold.  In  the  present  article  the  evidence  upon  which  they  are  based  will  be  given  as  fully 
as  possible. 

The  indications  for  treatment  in  cases  of  injury  of  the  bladder  in  warfare  appear  to  me 
to  be  as  follows  : — 

1.  All  foreign  bodies,  including  missiles,  fragments  of  bone,  pieces  of  clothing,  and 

blood-clot,  should  be  removed  from  the  bladder  as  soon  as  possible.  This  may 
be  done  by  way  of  the  original  wound,  by  washing  out  through  the  urethra, 
or  by  cystotomy.  If  cystotomy  is  performed,  the  opening  in  the  bladder  may 
be  closed  by  suture  in  suitable  cases. 

2.  The  wound  in  the  bladder,  if  accessible,  whether  it  be  intraperitoneal  or  extra- 

peritoneal, should  be  closed  if  possible. 

3.  After  operation,  care  must  be  taken  to  keep  the  interior  of  the  bladder  clean  by 

frequent  and  thorough  irrigation  until  the  urine  is  clear. 

4.  Careful  attention  should  be  paid  to  the  perivesical  and  perirectal  cellular  tissue,  to 

prevent,  if  possible,  extravasation,  accumulation,  and  the  spread  of  pelvic 
cellulitis. 

5.  The  wound  in  the  parietes  should  be  dealt  with  as  thoroughly  as  the  anatomical 

peculiarities  of  the  affected  region  permit. 

In  the  remarks  which  follow,  it  will  be  seen  how  far  it  has  been  possible  to  carry  out 
treatment  on  these  lines. 

Intraperitoneal  Wounds  are  usually  treated  by  laparotomy  at  the  clearing  stations. 
A  few  which  have  not  been  operated  on  reach  the  base.  The  rent  in  the  bladder  should  be 
treated  by  inversion  of  the  edges  and  a  continuous  Lembert  suture  of  catgut,  reinforced, 
if  necessary,  by  a  second  layer.  The  mucous  membrane  should  be  excluded,  so  as  to  avoid, 
if  possible,  the  exposure  of  much  suture  material  in  the  cavity  of  the  bladder,  where  it  may 
form  a  nucleus  for  the  deposit  of  phosphatic  concretions.  In  a  few  cases  it  has  not  been 
possible  to  get  at  the  perforation  so  as  to  secure  accurate  apposition  and  a  water-tight 
repair.  In  Case  40  (9b),  for  instance.  Captain  Hamilton  Drummond  found  it  impossible  to 
deal  with  a  perforation  situated  low  down  in  the  pouch  of  Douglas  by  the  intra-abdominal 
route.  He  opened  the  bladder,  therefore,  and  closed  the  perforation  from  within  by  a 
purse-string  suture  of  catgut,  reinforced  by  two  additional  sutures  of  the  same  material,  A 
length  of  damaged  small  gut  was  resected  at  the  same  operation.  The  bladder  was  drained 
suprapubically.     The  case  did  well  while  in  France. 

In  Case  52  (21b),  again,  in  which  there  was  an  intraperitoneal  perforation  of  both  bladder 
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and  rectum  situated  low  down  in  the  pehis.  Captain  Sampson  found  it  impossible  to  suture 
the  apertures,  and  resorted  to  the  expedient  of  shutting  off  the  openings  from  the  general 
peritoneal  cavity  by  a  line  of  sutures  across  the  pelvic  floor.  A  suprapubic  cystostomy 
was  performed,  and  an  iliac  colostomy.  The  patient  was  doing  well  when  I  saw  him  two 
months  later. 

In  Cases  7  (5a)  and  21  (19a),  both  of  which  were  operated  on  by  Captain  D.  C.  Taylor 
at  a  clearing  station,  it  was  possible  to  close  completely  the  intraperitoneal  opening.  In 
both  cases  there  was  also  damage  to  small  intestine,  necessitating  resection.  Suprapubic 
cystostomy  was  not  carried  out.  and  a  catheter  was  not  tied  in.  Both  made  a  satisfactory 
recovery,  and  were  able  almost  immediately  to  pass  urine  in  the  natural  way. 

It  would  appear,  therefore,  that  the  ideal  way  to  deal  with  these  intraperitoneal 
injuries  is  to  suture  the  perforation  accurately,  and  refrain  from  suprapubic  cystostomy 
and  the  tying-in  of  a  catheter.  If  the  union  is  not  deemed  to  be  watertight,  as  in  the 
first  two  cases,  suprapubic  cystostomy,  to  prevent  leakage  into  the  peritoneal  ca\ity,  is  the 
correct  treatment.  The  management  of  cases  with  an  extraperitoneal  wovmd  in  addition 
is  sufficiently  indicated  by  what  follows. 

Extraperitoneal  Wounds. — If  there  is  a  single  extraperitoneal  wound  in  an  accessible 
position,  and  it  is  possible  to  suture  the  margins — after  excision  of  the  damaged  edges,  if 
necessary — it  is  good  practice  to  do  so.  An  exit  should  be  provided  in  the  parietes  for 
escape  of  urine  in  the  event  of  leakage  taking  place.  This  procedure  is  only  possible  in 
such  situations  as  the  suprapubic  region,  where  the  bladder  approaches  the  surface  of  the 
body.  If  there  are  two  extraperitoneal  wounds,  it  is  unlikely  that  both  will  be  accessible. 
As  a  rule  it  is  only  the  most  dependent  of  these  that  leaks,  and  the  surgeon  will  be  guided 
by  his  experience  and  judgement,  and  by  a  consideration  of  some  of  the  cases  about  to  be 
cited,  as  to  what  course  he  is  to  pursue. 

In  Case  5  (3a)  the  entrance  wound  was  close  to  the  external  abdominal  ring.  Captain 
H.  F.  Vellacott  excised  the  edges  of  the  rent  in  the  bladder,  and  closed  it  with  catgut  sutures. 
Dirt  and  khaki  were  removed  from  the  space  of  Retzius.  The  missile,  a  shrapnel  baU, 
wtis  retained  between  the  bladder  and  rectum.  Although  leakage  took  place  ftx)m  the 
sutured  bladder,  the  case  did  well. 

In  Case  12  (10a)  a  missile  had  passed  from  the  buttock  to  the  suprapubic  region, 
fracturing  the  symphysis  pubis.  An  extraperitoneal  rent  in  the  bladder,  suprapubic  in 
position,  IJ  in.  long,  was  sutured  with  fine  catgut  by  Captain  Shaw.  Although  blood  and 
urine  leaked  from  the  wound  in  the  buttock,  the  patient  began  to  pass  water  twenty-four 
hours  after  operation,  and  was  evacuated  to  England  doing  well. 

In  Case  16  (14a)  an  injury  to  the  lateral  wall  of  the  bladder  was  sutured,  and  a  small 
drain  was  placed  in  the  neighbouring  perivesical  space.  There  was  also  a  wound  of  the 
rectum,  communicating  with  one  in  the  buttock.  A  large  drainage  tube  was  passed  through 
the  buttock  wound  to  the  opening  in  the  rectum.  Lieutenant-Colonel  Upjohn,  who,  later, 
had  the  patient  under  care  at  a  base  hospital,  reports  that  the  patient  arrived  in  excellent 
condition.  There  was  never  any  leakage  of  urine,  and  he  was  evacuated  to  England  passing 
urine  and  faeces  naturally.  Extraperitoneal  wounds  situated  in  the  neighbourhood  of  the 
base  and  sides  of  the  bladder,  and  difficult  of  access,  have  given  us  a  good  deal  of  trouble 
and  anxiety.     These  must  be  left,  as  a  rule,  to  drain  through  the  wounds  in  the  parietes. 

The  two  following  cases  illustrate  a  method  of  dealing  with  a  cystotomy  wound  made 
to  remove  a  foreign  body  in  the  bladder.  In  Case  13  (11a)  Captain  Thomas  had  closed  an 
intraperitoneal  woimd  in  the  bladder,  and  six  perforations  of  the  ileum.  When  the  patient 
arrived  at  the  base,  a  cystoscopic  examination  disclosed  the  presence  of  a  bullet  free  in  the 
bladder.  The  position  of  the  bullet  was  located  with  the  cystoscope,  a  pair  of  long  dressing- 
forceps  was  pushed  through  the  bladder  wall  by  the  suprapubic  route,  and  the  missile 
removed.  The  bladder  was  not  further  opened,  and  verj'  little  subsequent  leakage  took 
place  (see  Fig.  19).  In  Case  24  (22a)  a  piece  of  shell  had  entered  the  bladder  by  way  of 
the  buttock  and  rectum.  Cystoscopic  examination  showed  its  presence  and  position  in  the 
bladder  (see  Fig.  20).  Here,  again,  an  incision  in  the  suprapubic  region  was  made  down  to 
the  bladder  wall,  and  a  pair  of  forceps  was  pushed  through  to  grasp  and  remove  the  missile. 
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The  small  opening  in  the  bladder  was  sutured  in  this  case,  and  no  leakage  took  place  at 
this  spot,  though  urine  still  filtered  to  the  surface  through  the  rectal  wound.  The  patient 
was  sent  home  within  a  fortnight,  and  a  letter  was  received  from  him  a  few  days  later 
to  say  that  all  his  wounds  were  healed  and  that  he  was  getting  about. 

In  the  subsequent  management  of  cases  such  as  those  that  have  been  described,  one 
of  the  secrets  of  success  is  the  attention  given  to  the  cleansing  of  the  interior  of  the 
bladder.  The  method  which  has  proved  most  satisfactory  in  my  experience  is  the  following  : 
The  bladder  is  thoroughly  irrigated  with  plain  boiled  water  until  all  shreds,  mucus,  and 
pus  have  been  washed  away.  As  soon  as  the  water  returns  clear,  a  solution  of  nitrate 
of  silver  is  used,  beginning  with  2  grains  to  the  pint,  and  gradually  increasing  day  by  day 
to  8  or  10  grains.  This  procedure  is  repeated,  at  first  daily,  and  then  every  two  days,  till 
the  urine  is  clear.  Under  this  treatment  cystitis  very  rarely  makes  headway,  and  the 
patient  is  kept  perfectly  comfortable  as  regards  his  urinary  organs.  Some  of  the  fluid 
escapes  by  the  urinary  fistula,  if  this  is  present,  and  washes  it  from  within  out. 

The  importance  of  the  perivesical  tissues  can  hardly  be  overestimated.  In  extraperi- 
toneal wounds,  if  free  exit  is  not  provided,  there  is  nothing  to  prevent  the  urine  from 
extravasatjng  round  the  base  and  sides  of  the  bladder,  to  the  posterior  part  of  the  rectum 
behind  and  the  space  of  Retzius  in  front.  The  diagnosis  of  accumulation  of  urine  and  septic 
matter  and  of  the  onset  of  pelvic  cellulitis  will  be  made  by  pelvic  examination  and  by 
attention  to  the  pulse  and  temperature  and  the  general  condition  of  the  patient.  Treat- 
ment must  be  conducted  on  sound  lines.  Suprapubic  cystostomy,  even  if  performed  early, 
does  not  seem  sufficient.  Of  the  5  cases  that  died  of  pelvic  cellulitis,  4  were  treated  by 
early  suprapubic  cystostomy.  The  following  case,  51  (20b),  will  serve  to  illustrate  the 
inadequacy  of  drainage  through  the  bladder.  A  bullet  had  injured  the  prostate  gland  and 
neck  of  the  bladder.  Suprapubic  cystostomy  had  been  carried  out  at  a  clearing  station. 
On  arrival  at  the  base  the  case  was  seen  by  Captain  Bush,  who  recognized  that  the  drainage 
was  insufficient.  Dissecting  down  on  the  bladder  from  the  perineum,  he  struck  a  large 
space  filled  with  old  blood-clot,  urine,  and  some  faecal  matter. 

Whenever  it  is  desired  to  reach  accumulations  of  fluid  or  collections  of  pus  in  the 
neighbourhood  of  the  prostate  and  neck  of  the  bladder,  or  to  provide  for  drainage  in  this 
region,  a  transverse  incision  in  the  perineum  between  the  anus  and  the  bulb  of  the  urethra, 
gradually  and  carefully  deepened,  gives  the  best  access.  The  anal  canal  is  drawn  backwards 
and  the  bulb  forward  until  the  prostate  is  reached.* 

Farther  up,  the  rectum  is  so  closely  adherent  to  the  bladder  that  collections  are 
not  likely  to  occur  between  them  in  this  region,  and  it  is  not  necessary  to  separate 
these  structures.  The  part  requiring  drainage  will  be  that  lateral  to  the  vesicuhe 
seminales,  the  side  depending  on  the  position  of  the  wound  in  the  bladder  and  the  situation 
of  accumulations  if  present.  To  reach  this  area,  the  following  dissection  may  be  done. 
Make  an  incision  in  the  ischiorectal  fossa  parallel  to  and  just  medial  to  the  ischiopubic 
ramus  on  the  side  affected.  Pass  the  finger  upwards  medial  to  the  obturator  internus, 
and  define  the  supero-medial  boundary  of  the  ischiorectal  fossa — the  levator  ani  muscle;" 
The  perivesical  space  can  be  entered  by  tearing  through  this  muscle  and  its  enclosing 
fascia.  In  making  this  dissection  the  surgeon  will  probably  incise  the  base  of  the 
triangular  ligament,  but  the  artery  to  the  bulb  will  be  avoided  by  keeping  posterior 
to  a  line  drawn  transversely  from  the  bulb  to  the  pubic  ramus.  In  Fig.  24 — a  coronal 
section  through  the  distended  bladder  and  the  prostate  in  a  man  age  40 — the  perivesical 
space  is  shown  exaggerated  in  extent,  and  it  will  be  seen  how  an  incision  through  the 
levator  ani  will  reach  it  at  the  point  most  suitable  for  dependent  drainage.  This  section 
has  been  prepared  for  me  by  Mr.  P.  T.  Crymble,  and  drawn  by  Miss  Rea,  to  illustrate 
the  perivesical  space  and  the  method  of  approach  here  recommended.  In  Case  11  (9a),  I 
was  able  to  deal  somewhat  in  this  fashion  with  an  abscess  cavity  into  which  urine  was  being 
discharged  from  an  injury  near  the  neck   of  the  bladder.      Suprapubic   cystostomy  was 

*  To  illustrate  this  method,  a  recent  case  of  Captain  D.  C.  Taylor's,   not  included  in  the  present  series, 
is  briefly  described  at  the  end  of  '  Particulars  of  Cases  '  (see  p.  50). 


BLADDER     IXJURY     IN     AVAEFARE 


43 


not  performed,  as  it  was  judged  more  satisfactor\' to  deal  with  the  case  in  the  way  indicated. 
The  patient,  who  had  necrosis  of  the-  pubic  bone  in  addition,  made  a  good  recover^',  and 
was  evacuated  to  England  with  all  wounds  healed  except  a  small  fistula  in  the  perineum. 
In  Case  46  (15b)  a  somewhat  similar  procedure  was  carried  out.  The  bladder  was  floated 
up  by  a  collection  of  urine  which  had  extravasated  from  wounds  in  the  lower  part  of  its 
anterior  wall.  A  space  surrounding  the  side  of  the  bladder  next  the  entrance  wound  in 
the  buttock  was  thus  easily  reached  and  drained.  The  patient  made  a  rapid  and  satis- 
factory recover\%  and  was  evacuated  to  England,  passing  urine  naturally  and  with  all 
wounds  healed,  about  three  weeks  after  operation. 
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Fig.  24. — Coronal  section  through  the  distended  bladder  and  the  prostate  of  a  man  aged  40. 
The  perivesical  space  is  shown  exaggerated  in  extent. 


Treatment  of  the  Wound  in  the  Parietes.— As  has  been  stated,  the  gravity  of  bladder 
injuries  depends  to  a  large  extent  upon  the  concomitant  injury  to  the  soft  parts,  the  other 
pelvic  viscera — particularly  the  rectum — and  the  bone.  The  wound  is  often  so  situated 
that  excision  of  the  track  is  impracticable  for  anatomical  reasons.  The  best  that  can  be 
done  under  these  circumstances  is  to  provide  drainage,  as  free  as  possible,  right  down  to  the 
aperture  in  the  bladder.  Tubes,  if  used,  should  not  enter  the  ca\ity  of  the  latter.  If  the 
aperture  is  near  the  base,  leakage,  more  or  less,  will  probably  occur  whatever  system  of 
bladder  drainage  be  employed.  Free  exit  for  urine  must  therefore  be  provided.  If  accumu- 
lation in  the  perivesical  tissues  and  the  depths  of  the  wound  can  be  prevented,  the  flow 
of  healthy  urine  over  the  surfaces,  even  if  bone  or  rectum  be  involved,  will  not  be  harmtul. 
If,  on  the  other  hand,  it  is  impossible  by  free  drainage  through  the  wound  to  prevent  extra- 
vasation, a  more  suitable  exit  must  be  found  by  a  dissection  which  leads  directly  to  the 
injured  area  or  the  space  in  which  the  accumulation  lies.     I  have  indicated  the  lines  upon 
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^^hich  such  a  dissection  should  proceed  in  the  area  most  likely  to  be  affected,  viz.,  the  base 
and  lateral  aspects  of  the  bladder.  Suprapubic  cystostomy  is  insuflicient  to  effect  this 
drainage.  If  the  bladder  be  not  further  mutilated  by  cystostomy,  it  will  tend  to  contract 
upon  its  contents  and  drive  them  out  through  the  wound,  cleansing  the  latter  in  the 
process.  The  wound  discharges  are  thus  driven  from  within  outwards  by  the  force  of  the 
bladder  contractions,  and  if  the  onset  of  cystitis  can  be  prevented  by  careful  lavage,  the 
healthy  aseptic  urine  will  act  as  a  continuous  irrigator  from  the  depths  of  the  wound  to 
the  surface.  If,  on  the  other  hand,  the  positive  pressure  in  the  bladder  is  removed  by 
cystostomy,  the  organ  collapses,  and  stagnation  tends  to  occur  in  the  tissues  outside  its 
walls.  It  is  more  likely  that  fluid  accumulation  will  pass  back  into  the  bladder  and  infect 
it,  if  the  vis  a  tergo  which  forces  it  to  the  surface  has  been  lost,  than  under  the  reverse 
conditions.  I  am  aware  that  these  opinions  run  contrary  to  those  of  surgeons  of  great 
repute.  Both  Legueu^  and  Makins^  mention  cases  of  wounded  bladder  in  which  patients 
were  not  doing  well,  who  improved  after  suprapubic  cystostomy,  but  neither  of  these 
authorities  mentions  what  attention  was  given  to  the  bladder  to  prevent  infection  of  that 
cavity.  I  can  well  imderstand  that  the  urine  from  a  badly-infected  bladder  would  be 
injurious  to  a  woimd  in  the  parietes,  not  to  speak  of  the  risk  of  upward  spread  to  the 
kidneys  ;  under  these  circumstances,  cystostomy  would  be  indicated.  If,  however, 
cystitis  can  be  prevented,  or  efflcienth'  controlled,  I  prefer,  for  the  reasons  stated,  to 
avoid  opening  the  bladder. 

In  the  cases  appended  at  the  end  of  this  paper,  and  those  quoted  in  the  text,  I  have 
marked  all  those  treated  without  suprapubic  cystostomy  with  the  letter  'a,'  and  those 
treated  by  suprapubic  cystostomy  with  the  letter  '6.'  There  were,  in  all,  51  cases  of 
perforation  of  the  bladder  (in  one  of  these  penetration  was  perhaps  doubtful).  Of  these, 
29  were  treated  without  opening  the  bladder  for  drainage  ;  4  died,  two  of  peritonitis  from 
intraperitoneal  lesions  which  had  escaped  notice  at  the  clearing  stations,  one  of  ha>morrhage, 
and  one  of  pelvic  cellulitis  and  gas  gangrene.  The  remaining  22  were  treated  by  supra- 
pubic cystostomy  ;  8  of  these  died,  four  of  pelvic  cellulitis  (one  of  which  had  pneumonia 
in  addition),  two  of  pneumonia,  probably  septic  in  origin,  one  of  intestinal  obstruction, 
and  one  of  gas  gangrene.  The  two  sets  of  cases  were  of  the  same  degree  of  severity,  and 
were  almost  identical  as  regards  the  percentage  of  associated  injuries  to  bone,  rectum,  and 
small  intestine.  The  late  results  are  not  known  in  all  the  cases,  and  it  may  be  that  cystos- 
tomy has  been  necessary  later  in  the  cases  not  so  treated  in  France,  for  bladder  or  renal 
infection,  for  foreign  bodies  which  have  escaped  notice,  or  for  calculus  formation.  At 
the  base,  however,  and  I  onlj'  speak  of  the  cases  that  have  come  under  my  own  notice,  the 
best  results  have  been  obtained  by  the  treatment  I  have  outlined. 

The  Treatment  of  Associated  Injury  to  Other  Pelvic  Organs. — Intraperitoneal  injuries 
of  the  small  intestine,  rectum,  or  pelvic  colon  will  be  dealt  with  by  laparotomy  in  the  usual 
way.  Extraperitoneal  wounds  of  the  rectum  should  be  sutured,  if  possible  ;  in  most  cases, 
however,  this  will  be  unsuccessful,  and  a  faecal  fistula  will  follow.  Many  of  these  flstuhe-" 
do  well  without  colostomy,  but  occasionally  the  wound  in  the  parietes  becomes  so  foul 
that  an  operation  to  divert  the  flow  is  necessary.  This  is  specially  indicated  :  (1)  If  there 
is  a  large  communication  between  the  bladder  and  rectum  ;  (2)  If  an  intraperitoneal 
wound  of  the  rectum  cannot  be  accurately  sutured,  as  in  Case  21b  ;  (3)  If  faeces  are 
discharged  between  the  fragments  of  a  compound  fracture.  If  colostomy  is  necessary,  the 
opening  should  always  be  made  in  the  transverse  colon,  for  reasons  which  I  have 
mentioned  in  a  previous  paper,*  viz.  : 

1.  The  stoma  is  far  removed  from  the  wounded  area  and  from  a  cystostomy  opening 

if  present. 

2.  The  opening  is  easily  controlled. 

3.  Restoration  of  continuity  is  easily  accomplished. 

4.  Should  it  become  necessary  later  to  remove  part  of  a  damaged  rectum,  the  pelvic 

colon  may  be  mobilized  and  brought  down  to  supply  the  deficiency  if  it  has  not 
previously  been  interfered  with  by  an  iliac  colostomy. 
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To  these  may  be  added  : 

5.  The  risk  of  a  ventral  hernia  is  less  after  a  transverse  colostomy  than  aft«r  one  in 
the  iliac  region. 

In  the  present  series,  colostomy  was  performed  in  6  cases.  In  3  the  opening  was  made 
in  the  transverse  colon,  with  2  deaths  ;  and  in  3  an  iliac  colostomy  was  jjerformed,  with 
1  death.     The  result  in  the  fatal  cases  was  quite  unconnected  with  the  operation. 

The  treatment  of  rectovesical  fistulce  tchich  fail  to  close  spontaneously  is  carried  out 
at  the  home  hospitals,  and  nee<l  not  be  described  here. 

LATE    RESULTS. 

The  publication  of  this  paper  has  been  delayed  in  order  to  await  replies  to  a  number 
of  inquiries  made  in  England  as  to  the  after-histories  of  the  cases  upon  which  it  is  based 
These  enquiries  have  been  sent  through  the  Medical  Research  Committee  by  Colonel  T. 
R.  Elliott,  their  representative  in  France,  to  whom  I  am  much  indebted  for  the  trouble 
he  has  taken.  The  subsequent  history  of  21  cases  has  been  ascertained,  and  I  have 
thought  it  well  to  correct  and  complete  as  far  as  possible  the  account  given  in  the 
preceding  pages. 

Additional  Deaths. — ^Three  additional  deaths  have  to  be  recorded,  bringing  the  mor- 
tality rate  from  24  to  30  per  cent.  Case  8  (6a)  died  five  weeks  after  injury-,  from  what 
appears  to  have  been  intestinal  obstruction.  He  had  had  about  20  inches  of  his  small 
intestine  resected  in  France.  Xo  post-mortem  was  made.  Case  19  (17a)  died  in  England 
eighteen  days  after  receipt  of  his  wound,  but  no  further  particulars  are  available.  Case 
22  (20a)  died  suddenly  while  straining  to  relieve  his  bowels,  a  little  over  six  months  after 
being  wounded.  His  wounds  were  almost  healed,  and  his  urinarj*  organs  were  function- 
ing well  at  the  time  of  his  death.  Post  mortem,  dilatation  of  the  heart,  with  fatty 
degeneration  of  its  walls,  was  found.  The  patient  had  passed  through  a  long  period  of 
fever  and  suppuration  during  the  early  part  of  his  illness,  but  had  been  apparently  quite 
well  for  several  weeks  before  his  death. 

Remaining  in  Hospital. — There  were  still  6  cases  in  hospital  at  periods  varying  from 
three  to  nine  months  after  injury. 

Unfit  for  Further  Militartj  Service. — There  were  7  cases  '  discharged  unfit '  at  periods 
varj-ing  from  five  months  to  a  year  and  five  months  after  injur^^ 

Back  to  Duty. — Only  4  cases  are  known  to  have  returned  to  duty — Case  -!■  (2a)  at  the 
end  often  months,  Case  23  (21a)  at  the  end  of  five  months.  Case  39  (8b)  at  the  end  of  nine 
months,  and  Case  -47  (16b)  at  the  end  of  four  months  after  injury. 

Complications  and  Sequelae. — The  following  complications  and  sequelae  were  noted 
in  the  replies  received  : — 

Bone  Injury. — In  two  cases  bone  injury  was  discovered  in  England  which  had  been 
overlooked  in  France — in  Case  19  (17a)  fracture  of  the  "  p)elvis,''  and  in  Case  29  (27a) 
fracture  of  the  pubic  bone.  This  raises  the  niunber  of  cases  complicated  by  fracture  ftom 
42  to  45  per  cent. 

Vesical  Calculi. — ^Vesical  calculi  were  found  in  4  cases.  One  of  these.  Case  18  (16a),  had 
been  treated  in  France  without  suprapubic  cystostomy,  and  three.  Cases  36  (5b),  38  (7b), 
and  46  (15b),  had  had  suprapubic  cystostomy  performed  at  clearing  stations.  The  calculi 
were  discovered  six  months,  ten  months,  and  five  months  respectively  after  injurj'  in 
Cases  16a,  5b,  and  15b.     In  Case  7b  the  date  is  not  mentioned. 

Stricture.— In  Cases  22  (20a)  and  38  (7b),  late  reports  state  that  dilators  were  required 
for  commencing  stricture.  This  sequela  is  likely  to  occur  when  the  lesion  is  in  the  region 
of  the  prostate  and  neck  of  the  bladder. 

Secondary  Hcemorrlioge  took  place  thirteen  days  after  injury  in  Case  18  (16a).  The 
patient  recovered. 

Sequestrotomy  was  necessan,-  in  Case  26  (24a)  four  months  after  injur\'. 

Sciutic  Pain  on  the  same  side  as  a  buttock  wound  is  recorded  in  the  notes  of  Case  4  (2a). 

Abscess  in  Testicle. — ^An  abscess  was  found  invohing  the  testis  and  epidid\-mis  in 
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Case  36  (5b).  Gonococci  were  obtained  from  the  urethra,  but  there  is  no  note  of  the 
organisms  present  in  the  abscess. 

Epididi/milis  was  recorded  in  the  notes  of  Case  46  (15b).  This  probably  spread  from 
a  cystitis  which  was  present. 

Cifstitis  and  Pyuria. — Very  few  cases  up  to  the  time  of  writinjr  were  quite  free  from 
pus  in  the  urine,  and  moderately  severe  cystitis  was  noted  as  bemg  present  in  several. 
Some  of  these  had  been  treated  in  France  by  cystostomy,  and  some  without. 

With  these  reports  to  hand  the  fate  of  nearly  all  the  cases  is  known.  Several  were 
quite  well  on  leaving  P'rance,  and  letters  from  a  few  others  stated  that  they  were  convales- 
cent. In  Cases  17  and  50  a  good  deal  of  leakage  of  urine  from  the  wounds  was  present  on 
transference  to  England,  and  no  reports  have  been  received  concerning  their  later  progress. 

Comment.— While  these  notes  of  after-results  are  very  incomplete,  they  demonstrate 
certain  facts  of  some  importance. 

1.  Injuries  of  the  bladder  are  of  very  severe  import  both  as  regards  the  life  and  the 

subsequent  health  of  the  patient. 

2.  The  persistence  of  pyuria  demonstrates  the  necessity  for  continuing  bladder  irriga- 

tion long  after  the  wounds  have  been  healed.  When  we  have  been  able  to  keep 
the  patients  imder  observation  and  to  carry  out  systematic  irrigation,  the  results 
as  regards  cystitis  and  pyuria  have  been  much  better.  Urinary  antiseptics 
ought  to  be  given  in  addition. 

3.  The  development  of  calculi,  as  in  Case  46  (15b),  for  instance,  in  which  I  cleared 

out  all  blood-clot  and  debris  at  the  primary  operation,  is  probably  due  to  the 

subsequent  separation  of  sloughs  and  the  persistence  of  a  certain  amount  of 

cystitis.     Here,  again,  I  feel  sure  that  the  continuance  of  frequent  irrigation 

of  the  bladder  would  tend  to  minimize  this  risk. 

Taken  as  a  whole,  the  later  results  of  injuries  of  the  bladder  are  disappointing  in  the 

extreme,   and   suggest  that  constant,   prolonged,   and   skilled  after-treatment,   in  special 

hospitals  if  possible,  is  necessary  if  we  are  to  look  for  any  definite  improvement. 

CONCLUSIONS. 

1.  Injuries  of  the  bladder  form  a  very  small  proportion  of  the  total  wounds  reaching 
the  base  hospitals. 

2.  Their  importance  from  the  point  of  view  of  prognosis  and  treatment  depends  to  a 
large  extent  upon  associated  injuries. 

3.  The  more  usual  associated  injuries  are  those  of  the  bones  of  the  pelvic  girdle  and  of 
other  pelvic  viscera.  The  most  frequent  viscus  found  injured  in  cases  reaching  the  base 
is  the  rectum.  Injuries  of  the  pelvic  colon  and  small  intestine  are  comparatively  rare  in 
cases  seen  at  the  base. 

4.  The   importance    of  the  perivesical   connective    tissue   cannot   be  overestimated. 
This  forms  a  potential,  continuous  space  extending  from  the  cavum  Retzii  in  front,  round 
the  sides  of  the  bladder  and  rectum,  to  the  posterior  part  of  the  latter  behind.     Pelvic' 
cellulitis  is  a  frequent  complication. 

5.  The  mortality  of  bladder  injuries  is  very  high.  In  cases  reaching  the  base  it  may 
be  estimated  at  30  per  cent.  The  chief  causes  of  death  have  been  pelvic  cellulitis,  perito- 
nitis, and  sepsis. 

6.  The  chief  sequelae,  judged  from  the  reports  reaching  us  from  England  up  to  the 
present,  are  necrosis  of  bone,  persistence  of  cystitis,  calculus,  and  stricture  at  the  neck  of 
the  bladder.  Sufficient  data  are  not  at  present  available  to  enable  us  to  judge  of  the 
frequency  of  extension  of  infection  to  the  kidney.  J.  Tanton*  mentions  that  in  a  series 
of  137  cases  of  wounds  of  the  bladder  collected  by  him,  10  cases  of  pyelonephritis  occurred, 
in  3  of  which  calculi  formed  requiring  nephrolithotomy. 

7.  The  treatment  should  be  conducted  on  common-sense  lines.  Accumulations  of 
infected  fluid,  blood-clot,  and  fa;cal  material  in  the  pelvic  connective  tissue  must  if  pos- 
sible be  prevented  by  attention  to  the  original  wounds.      If  this  is  unsuccessful,  suitably 
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planned  incisions  should  be  made.  The  fact  that  urine  flows  over  the  surface  of  a  wound 
is  not  necessarily  in  itself  an  indication  for  suprapubic  cystostomy.  If  the  bladder  can  be 
kept  clean  by  irrigation,  aseptic  urine  from  the  kidneys  does  not  appear  to  have  a  dele- 
terious.  effect  on  the  wound. 

8.  Suprapubic  cystostomy  will  drain  an  infected  bladder,  but  will  not  prevent  pelvic 
cellulitis  and  sepsis  from  occurring  in  the  perivesical  connective  tissue  and  parietes 
respectively.  The  after-treatment  of  the  bladder  by  frequent  irrigation  is  necessary-  to  get 
rid  of  cystitis  and  prevent  calculus  formation. 

I  desire  to  express  my  thanks  to  the  officers  who  have  assisted  me  with  the  notes  of 
these  cases  ;  to  the  Medical  Research  Committee  for  the  services  of  their  artist,  Sergeant 
A.  K.  Maxwell  ;  to  the  latter  for  his  keen  interest  and  his  careful  delineation  of  the 
cystoscopic  appearances  ;  to  Mr.  P.  T.  Crjinble,  for  permission  to  use  Figs  6  to  9  ;  and  to 
Mr.  P.  T.  Crymble  and  Miss  Rea  for  Fig.  24. 


PARTICULARS     OF     CASES. 

In  the  descriptions  of  cases  which  are  here  appended  it  has  been  necessary  to  be  as 
brief  as  possible.  Only  the  main  points  in  each  case  are  mentioned,  and  the  repjorts  from 
England  are  abbreviated  to  give  such  information  only  as  is  likely  to  be  of  service  to  the 
medical  officers  who  have  had  to  do  with  the  cases  in  France. 

Case  1. — Capt.  W.,  under  care  of  Major  Martin.  Wounded  by  shrapnel  ball  Aug.  25,  1916. 
Entrance  right  gluteal  fold.  Fracture  ascending  ramus  of  pubis,  right  side.  Admitted  to  base 
hospital,  Aug.  27.  Operation  same  day  ;  cystoscopy  showed  haemorrhage  on  bladder  wall  with 
attached  floating  clot  {Fig.  17)  :  foreign  body  together  with  some  loose  fragments  of  bone  removed 
through  suprapubic  incision  ;  shrapnel  hall  partially  embedded  in  wall  of  bladder  on  right  antero- 
lateral surface  about  1^  ins.  l^ehind  pubis.  Urine  leaked  from  suprapubic  wound  second  day 
after  operation  ;  probably  bladder  was  injured  by  bone  fragments.  Bladder  irrigated  with  silver 
nitrate  daily.     Evacuated  to  England  doing  well,  Sept.  9,  1916. 

Case  2. — Pte.  J.  W.,  under  care  of  Major  McEwen.  Wounded  Aug.  12,  1917  ;  penetrating 
wound  of  leg  and  laceration  of  scrotum.  Gave  a  history  of  something  falling  across  abdomen  when 
shell  struck  dug-out.  Admitted  base  hospital,  Aug.  13.  Bowels  had  not  moved  since  accident, 
nor  had  patient  passed  urine.  Catheter  drew  off  30  oz.  of  urine  showing  some  albumin  and  a  few 
pus  cells,  but  no  blood.  General  condition  very  poor  ;  slight  rigidity  of  lower  abdomen.  Bowels 
moved  by  enemata  and  pituitrin  given  every  four  hours.  Aug.  14,  began  to  vomit  and  hiccough  i 
did  not  complain  of  pain  :  was  tender  over  lower  part  of  abdomen.  Aug.  13,  pulse  weak  and  rapid, 
patient  very  listless  ;  abdomen  did  not  present  any  definite  signs  of  peritonitis  ;  slight  dullness  in 
flanks.  Seen  by  consulting  surgeon,  who  did  not  consider  him  fit  for  any  operation.  Death  early 
next  morning. 

Post-mortem. — Intraperitoneal  rupture  of  bladder  (a  longitudinal  slit  about  1^  in.  in  length), 
and  peritonitis  (see  Fig.  14). 

Case  3  (la). — Pte.  A.  F.  S.,  under  care  of  Captain  Kelly.  Bullet  wound,  Aug.  2, 1915.  Entrance 
1  in.  above  pubis  and  1  in.  to  right  of  middle  line  ;  exit  through  third  piece  of  sacrum  to  right 
of  middle  line.  Bladder  full  at  time  of  injury.  Admitted  base  hospital,  Aug.  8.  A  slight  leakage 
from  anterior  wound  ;  bulk  of  urine  passing  by  large  exit  wound.  Haemorrhage.  Rectum  injured. 
Aug.  9,  transverse  colostomy.  Irrigation  of  posterior  wound  with  eusol.  Wounds  cleaned  rapidly. 
Micturition  normal  early  in  September  (about  a  month  after  injury).  Cystoscopy  showed  cystitis 
of  moderate  degree.     Discharged  to  England  Sept.  21. 

Report  from  England,  March  2,  1916. — "  Patient  practically  cured.  Colostomy  closed,  and  no 
discharge  from  remains  of  sinuses.     About  to  leave  for  a  convalescent  home." 

Case  4  (2a). — Sergt.  A.  L.  Shell  wound  Oct.  3,  1915.  Felt  slight  pain  at  time  of  injuiy.  Later 
tried  to  pass  water,  and  felt  sharp,  hot  pain  in  region  of  wound  ;  unable  to  pass  water  ;  no 
vomiting.  Catheter  drew  off  8  oz.  of  blood-stained  urine.  Entrance  wound  in  suprapubic  region  ; 
exit  left  buttock.  Catheter  had  been  tied  in  at  CCS.  Cystoscoped  Oct.  10:  on  anterior  wall  of 
bladder,  aperture,  plugged  by  muco-pus  ;  orifice  irregularly  circular  with  cedematous  edges  ;  blood 
oozing  from  this  orifice  ;  patches  of  blood  extravasation  in  neighbourhood  extending  as  far  as  left 
lateral  wall ;  cystitis  ;  on  left  lateral  wall  an  area  indicating  exit  wound  which  is  somewhat  indis- 
tinct. (This  cystoscopic  examination  was  inadvertently  omitted  when  describing  cystoscopy  in 
text.)     Leakage  same  day  from  suprapubic  entrance  wound.     Oct.  31,  woimds  dry. 
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Report  from  Knglwid  states  that  tlirce  inontlis  after  injury  there  were  still  traces  of  pus  in  the 
urine.  Left  seiatic  pain  was  complained  of.  Wound  of  left  buttock  was  healed  on  Jan.  2,  1916, 
and  patient  returned  to  duty  Aug.  5. 

Case  5  (3a). — Lieut.  A.,  under  care  of  Captain  II.  F.  Vellacott.  Wounded  with  shra])nel  ball, 
about  March  24,  1916.  I'litrance  close  to  left  external  ring  ;  no  exit.  Urine  flowing  from  woimd. 
Operation  ;  laparotomy  ;  peritoneimi  foimd  to  be  only  slightly  wounded  ;  reflected  upwards  ;  rent 
in  bladder  excised  and  stitched  with  catgut  ;  dirt  and  khaki  removed  from  cave  of  Retzius  ;  drain 
to  bladder  stitches  ;  laparotomy  wound  closed.  Bladder  wound  began  to  leak,  April  1  ;  other- 
wise doing  well.  Stereoscopic  radiography  shows  bullet  near  3rd  and  4th  sacral  vertebra;.  Ball 
can  be  felt  per  rectum.     Evacuated  to  England,  doing  well. 

Case  G  (4a). — Rfm.  H.,  under  care  of  INIajor  West.  Shell  wound,  May  26,  1916.  Entrance 
wound  right  buttock  ;  no  exit.  No  bone  injury.  No  leakage  of  urine  until  May  30,  when  urine 
began  to  trickle  through  buttock  wound  independent  of  micturition.  Temperature  a  little  raised, 
99°  ;  general  condition  good.  Radiography  showed  two  pieces  of  shell  in  pelvis.  Patient  has 
urgency,  but  is  unable  to  pass  water.  Urine  foul-smelling  and  containing  pus.  June  1,  cystoscopy : 
cystitis  (aj)pearanccs  have  been  described  in  text).  June  4,  urine  almost  clear  ;  bladder  has  been 
washed  out  with  nitrate  of  silver  solution.  Track  of  missile  :  skin,  gluteus  maximus,  great  sacro- 
seiatic  foramen,  obturator  internus  and  levator  ani  muscles,  and  vesiculaj  seminales.  .June  13, 
evacuated  to  England,  apparently  quite  well. 

Report  from  England. — Wound  healed  July  1,  about  five  weeks  after  injury.  Feb.  2,  1917, 
discharged  imfit  for  further  service. 

Case  7  (5a). — Pte.  McK.,  under  care  of  Captain  D.  C.  Taylor,  and  subsequently  of  Major  West. 
Shell  wound,  .lune  5,  1916.  Entrance  left  side  mid-axillary  line,  1^  inches  above  iliac  crest ;  no 
exit.  At  C.C.S.,  vomiting,  pulse  140  ;  blood  in  urine  withdrawn  by  catheter.  Scalp  wound. 
Laparotomy  by  Captain  Taylor  ;  pelvis  full  of  blood  and  urine  ;  small  intestine  perforated  in  11 
places,  with  2  tears  in  mesentery  ;  four  feet  resected,  end-to-end  anastomosis  ;  small  hole  in 
posterior  wall  of  bladder  just  admitting  finger  ;  piece  of  shell  in  bladder  removed  and  bladder 
sutured  ;  abdomen  closed,  pelvic  drain.  Catheter  passed  every  four  hours.  June  6,  passing  urine 
normally.  June  14,  wound  in  abdominal  wall  healed,  except  for  track  of  drainage  tube  ;  patient 
quite  well. 

Case  8  (6a). — Pte.  H.  E.,  under  care  of  Captain  J.  H.  Thomas.  Shell  wound  June  30,  1916. 
Entrance  front  of  abdomen  ;  considerable  portion  of  abdominal  wall  blown  away.  Extensive 
gas  infection.  .July  1,  20  inches  of  small  intestine  resected,  end-to-end  anastomosis  ;  abdominal 
muscles  partly  pulled  together  with  through-and-through  sutures  of  silkworm  gut  ;  these  cut  out 
later,  and  the  floor  of  the  abdominal  wound  was  formed  by  bowel.  On  ninth  day,  a  faecal  fistula 
developed  at  upper  end  of  wound.  No  ha;maturia,  and  he  has  passed  perfectly  clear  urine  without 
difiiculty  since  his  injury.  Since  operation,  free  escape  of  urine  from  depths  of  wound.  Captain 
Thomas  could  see  no  perforation  of  bladder  at  time  of  operation  ;  shell  fraginent  had  hit  right  side 
of  symphysis  and  then  passed  into  the  thigh  internal  to  vessels  ;  fragment  not  removed.  When 
seen  at  the  base  on  .July  18,  huge  wound  in  right  iliac  region,  with  urine  flowing  from  lower  part. 
All  urine  comes  through  woimd  ;  general  condition  good  ;  some  faeces  coming  through  upper  part 
of  wound. 

Report  from  England. — Aug.  1,  bowels  open,  some  urine  leaking.  Aug.  2,  has  been  very  ill, 
vomiting,  no  distention,  pulse  bad,  wounds  looking  well,  temperature  103°.  Aug.  4,  bowels  will 
not  act  in  spite  of  enemata,  etc.  ;   no  marked  distention,  but  incessant  vomiting  ;   died  same  day. 

Case  9  (7a). — Pte.  .1.  S.,  under  care  of  Captain  Bazett.  Shell  wound,  .July  2,  1916.  Entrance 
right  buttock  ;  no  exit.  Said  to  have  passed  some  blood  per  anum.  Urine  coming  from  two 
wounds  in  buttock.  Large  piece  of  shell  in  right  side  near  sacro-iliac  joint.  July  10,  cystoscopy  ; 
appearances  have  been  described  in  text.  Per  rectum,  some  thinning  of  outer  wall  of  bowel  o»~ 
right  side  and  posteriorly  along  course  of  track.  Urine  contains  much  pus,  coliform  organisms, 
and  staphylococci.  .July  13,  small  piece  of  shell  removed  from  the  smaller  wound;  larger  piece 
embedded  in  sacrum ;  an  attempt  to  remove  this  failed.  Secondary  haemorrhage  same  day  ;  direct 
transfusion  of  blood.     Died  .July  17,  from  haemorrhage. 

Case  10  (8a). — Pte.  J.  F.,  under  care  of  Captain  Edye.  .Shell  wound,  July  9,  1916.  Entrance 
wound  right  buttock  near  anus  ;  passes  into  rectum  and  across  latter  to  involve  prostate.  Shell 
fragment  removed  by  Captain  Edye,  .July  11,  from  left  groin,  where  gas  infection  had  developed. 
There  were  also  two  wounds  in  left  buttock.  Urine  comes  from  rectum  on  micturition  ;  none  by 
the  normal  passage.  There  is  a  large  hole  in  the  prostate.  Missile  had  gone  through  right  side  of 
rectum  near  anus,  through  anterior  wall  of  rectum,  and  then  out  into  left  groin,  where  it  was  found 
just  under  skin  ;  track  lies  internal  to  the  femoral  vessels.  Radiography  subsequently  showed 
fragment  of  shell  in  the  middle  line  behind  pubis,  and  on  a  level  with  its  upper  border.  Operation, 
.July  12  ;  fragment  removed  with  a  long  pair  of  forceps  through  the  wound  in  prostate  and  rectum. 
.July  24,  temperature  normal  ;  patient  quite  well;  urine  still  coming  per  anum  ;  passes  some  by 
normal  passage.     .July  31,  most  of  the  urine  coming  per  urethram. 

Case  11  (9a).— Rfm.  F.  L.,  under  care  of  Captain  McDonnell.  Shell  wound,  .July  9,  1916. 
Entrance  wound  left  buttock  ;    missile  tunnelled  across  rectum  just  inside  anus,  passing  through 
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right  side  of  rectum  to  the  suprapubic  region.  Urine  was  coming  from  wound  made  at  the  CCS. 
in  right  groin,  and  from  wound  in  buttock.  July  14,  radiography  showed  fracture  of  horizontal 
and  descending  rami  of  pubis  at  junction  with  body.  July  27,  condition  good  ;  wounds  clean  ; 
urine  from  woimd  in  buttock,  faeces  also  through  buttock  ;  passed  some  urine  per  urethram.  Aug. 
25,  temperature  has  been  up  for  two  days,  102°  and  103°  ;  urine  coming  from  wound  in  right  groin. 
Explored  ;  necrosis  of  pubic  bone  ;  fragments  removed  ;  urethra  found  almost  entirely  divided 
at  junction  with  bladder.  Catheter  comes  out  through  wound  in  groin.  Much  pus.  A  small 
sinus  in  posterior  wall  of  rectum  leading  to  lumen  just  alwve  external  sphincter.  Captain  McDonnell 
reports  pus  in  large  quantities  in  urine  ;  this  evidently  came  from  wound,  and  passed  into  urethra, 
as  bladder  when  washed  out  was  easily  rendered  clean.  Aug.  26,  operation  ;  ischiorectal  fossa 
explored  ;  wound  foimd  to  l)e  in  right  side  of  prostate  ;  large  wound  in  groin,  passing  inside  the 
pelvic  wall  to  ischiorectal  region  ;  an  incision  which  involved  the  right  side  of  the  triangular  liga- 
ment at  its  base  was  made  to  counter-drain.  Sept.  10,  patient  verj-  well,  passing  water  through 
perineal  wound  at  will  :  wound  in  groin  almost  healed.  Sept.  29,  all  wounds  healed  except  that  in 
perineum.  Oct.  28,  epidid>-mo-orchitis  on  left  side,  settling  down.  Nov.  7,  most  of  urine  coming 
naturally. 

Report  from  England. — March  16,  1917,  discharged  unfit  for  further  ser%-ice,  about  seven  months 
after  injury-. 

Case  12  (10a). — Lieut.  M.,  under  care  of  Captain  Shaw.  Wounded,  Aug.  12,  1916.  Entrance 
wound  left  buttock  ;  large  exit  above  sj-mphysis,  blood  and  urine  flowing  therefrom.  Operation, 
.•\ug.  13;  large  extra|>eritoneal  tear  of  bladder  IJ  inches  long;  large  fragments  of  s\Tnphysis 
detached,  and  others  still  adhering  to  periosteum  ;  all  pieces  likely  to  cause  damage  removed  ; 
bladder  stitched  in  two  layers,  catheter  tied  in,  and  suction  drainage  established  for  twenty-four 
hours  ;  catheter  then  passed  in  the  ordinary  way  ever>-  four  hours  for  the  next  twenty-four  hours. 
Blood  soon  disappeare<l  from  urine,  and  on  following  three  days  patient  passed  urine  normally. 
Aug.  20,  transferred  to  the  base.     Aug.  23,  letter  received  from  him  stating  he  was  doing  well. 

Case  13  (11a).— Pte.  A.  P.,  under  care  of  Captain  J.  H.  Thomas.  Bullet  wound,  Sept.  1,  1916. 
Entrance  wound  right  buttock  ;  no  exit.  On  admission  to  CCS.,  pulse  106  ;  no  vomiting  ; 
abdomen  very  rigid,  no  movement,  no  distention,  painful  and  tender.  Small  amount  of  blood  in 
catheter  specimen.  Laparotomy  early  next  morning  ;  large  quantity  of  blood  and  clot  in 
peritoneal  cavity  ;  no  obvious  urine  ;  bullet  had  entered  abdomen  internal  to  right  iliac  vessels  ; 
laceration  of  mesentery-  of  small  intestine  ;  6  small  perforations  of  ileum,  all  of  them  closed  by 
suture  ;  bullet  had  penetrated  bladder  at  a  point  about  half  way  up  its  superior  surface  ;  bullet 
could  not  be  felt  ;  perforation  closed  with  a  double  row  of  catgut  sutures  ;  abdomen  closed  ;  pre- 
vesical space  explored,  and  another  small  hole  in  anterior  wall  of  bladder  discovered  ;  this  was  also 
closed  with  a  double  row  of  catgut  sutures  ;  it  was  thought  that  bullet  had  embedded  itself  in  the 
sj-mphysis  ;  space  of  Retzius  drained.  Passed  urine  naturally  without  difficulty  since  operation  ; 
some  ha^maturia  for  two  days.  Patient  complained  lx)th  before  and  after  operation  of  the  stream 
of  urine  being  suddenly  stopped,  with  a  sharp  spasmodic  pain  nmning  down  the  penis.  Radio- 
graphy shows  the  bullet  lying  below  the  s>Tnphysis.  Cystoscopic  appearances  have  already  been 
described  in  text :  see  also  Fig.  19.  Sept.  14,  operation  ;  bullet  located  by  cystoscopy,  and  removed 
by  forceps  pushed  through  anterior  wall  of  bladder.  Very  little  leakage  took  place  from  this  small 
wound.     Evacuated  to  England,  Sept.  16,  doing  well. 

Case  14  (12a). — Pte.  A.  E.,  under  care  of  Major  West.  Wounded  by  shrapnel  ball,  Sept.  15, 
1916.  Entrance  wound  right  buttock.  Bladder  full  at  time  of  injurj-.  Twenty-four  hours  later 
passed  urine,  and  noticed  blood  in  it,  and  that  fluid  came  through  the  wound  in  the  buttock  at  the 
same  time.  Missile  retained.  Urine  only  comes  through  buttock  when  he  passes  water.  Pain 
in  perineum  just  after  micturition,  lasting  for  fifteen  minutes.  Sept.  18,  quantity  of  urine  coming 
from  buttock  wound  diminishing.  Radiography  shows  shrapnel  ball  lying  behind  the  ascending 
ramus  of  pubis  at  juncture  with  ischium.  Urine  contains  much  blood  and  pus.  Sept.  21,  no  visible 
blood  ;  temperature,  which  had  been  raised,  is  now  normal.  Cystoscopic  appearances  have  already 
been  described  in  text.  Sept.  27,  evacuated  to  England  ;  normal  temperature ;  normal  micturition, 
and  no  evidence  of  cystitis. 

Case  15  (13a). — Pte.  T.  F.,  under  care  of  Captain  Kelly.  Shell  wounds,  Nov.  18,  1916.  Many 
wounds  of  buttocks  and  thighs  ;  peppered  all  over.  Noticed  blood  in  his  urine  a  day  or  two  later. 
Nov.  24,  blood  present  in  lu-ine  ;  no  frequency  of  micturition  ;  some  suprapubic  pain  ;  burning 
pain  on  micturition.  Radiography  shows  a  piece  of  metal  just  in  front  of  coccv^x,  to  right  of  middle 
line,  and  another  ver\-  small  piece  in  the  abdominal  cavity  to  left  of  middle  line,  3i  inches  above 
level  of  svTnphysis  pubis,  about  1^  inches  in  front  of  second  segment  of  sacrum  ;  this  has  apparently 
gone  through  the  bladder  from  below  up  ;  several  pieces  scattered  about  right  hip-joint,  and 
several  present  in  buttock.  Nov.  26,  blood,  albumin,  and  pus  still  present  in  urine.  Dec.  3, 
running  a  temperature  up  to  103^.    Dec.  11,  evacuated  to  England,  with  blood  still  present  in  urine. 

Report  from  England. — -Aug.  17,  1917,  discharged  from  hospital  no  longer  fit  for  war  service, 
nine  months  after  injury. 

Case  16  (14a). — Lieutenant-Colonel  L'pjohn's  case.  Wounded  left  buttock,  nature  of  missile 
not  stated.     Injurj'  to  rectum  and  lateral  extraperitoneal  bladder  M-all.     Laparotomy  ;    bladder 


50  THE    BRITISH    JOURNAL    OF    SURGERY 

sutured;  small  drain  to  perivesical  wounded  tissues.  Never  any  escape  of  urine.  Rectum  draiiic<l 
by  a  large  tube  in  buttock  wound.  Patient  arrivcti  at  the  base  in  excellent  condition,  passing  urine 
and  feces  naturally.  Evacuated  to  England  the  following  day.  Nothing  further  is  known  of  this 
case. 

Case  17  (15a). — Sgt.  F.  C,  under  care  of  Captain  Bush.  Wounded,  probably  by  a  bullet,  April 
9,  1917.  Two  days  after  injury,  explored  through  buttock  wound,  which  was  very  foul,  and  com- 
municated with  rectum  and  bladder.  Urine  leaking  through  rectum  and  wound  in  buttock. 
Retained  at  base  hospital  for  fourteen  days.  Left-sided  epididymitis.  Evacuated  to  England, 
not  yet  passing  urine  naturally. 

Case  18  (16a). — Pte.  R.  W.  W.,  under  care  of  Lieutenant-Colonel  Upjohn.  Bullet  wound, 
April  9,  1917.  Entrance  left  buttock  or  thigh,  to  suprapubic  region.  Urine  escaping  freely  from 
2  slit-like  groin  wounds.  Wound  in  buttock  opened  up  ;  iliac  bone  found  perforated  ;  wound  in 
right  groin  opened  up.    Eighteen  days  after  operation,  passing  urine  almost  entirely  per  urethram. 

Report  from  England. — ^April  22,  secondary  ha'morrliage  from  buttock.  Oct.  13,  calculi  passed 
per  urethram.  Nov.  27,  some  small  calculi  have  come  away  recently.  Dec.  6,  seen  by  Mr. 
Thomson  Walker,  who  suggested  constant  irrigation  of  bladder.  Dec.  11,  condition  greatly 
improved  ;  Xaken  off  constant  irrigation.     Jan.  18,  1918,  still  in  hospital,  nine  months  after  injury. 

Case  19  (17a). — Pte.  W.  E.  W.,  under  care  of  Captain  Reford.  Woimded,  April  9,  1917,  nature 
of  missile  not  stated.  Entrance  right  buttock,  traversed  pelvis,  and  emerged  in  front  of  great 
trochanter  of  opposite  side.  No  operation.  Haematuria.  April  14,  urine  emerging  from  exit  wound, 
none  from  buttock  or  perineum. 

Report  from  England. — Fractured  pelvis.  Ruptured  bladder.  Died,  April  27,  1917.  No 
further  details  available. 

Case  20  (18a). — Pte.  E.,  under  care  of  Captain  Hemmans.  Shell  wound,  April  9,  1917.  Field 
medical  card  lost,  no  notes  from  clearing  station.  Admitted  base  hospital  April  11.  Temperature 
97-4°,  pulse  132.  Patient  very  ill  ;  restless  ;  abdomen  tender  in  lower  part,  no  true  rigidity  ;  no 
dullness  in  flanks.  Catheter  drew  off  5  oz.  clear,  highly-coloured  urine.  Per  rectum,  nil.  Wound 
of  left  buttock  at  level  of  great  trochanter  ;  finger  in  wound  detected  fracture  of  the  ischium,  and 
disclosed  a  cavity  containing  a  large  quantity  of  offensive,  blood-stained  fluid  with  urinous  odour. 
Patient  never  rallied,  died  same  day. 

Post-mortem. — Diffuse  peritonitis,  especially  in  pelvis ;  four  perforations  in  lower  ileum  ;  recent 
adhesions  ;  large  piece  of  shell  about  size  of  an  almond  lying  within  peritoneal  cavity.  Large  hole 
in  base  of  bladder.  Compound  comminuted  fracture  of  spine  of  ischium.  Wound  in  bladder  was 
extraperitoneal.  Missile  had  passed  on,  after  wounding  bladder,  through  rectovesical  pouch  to 
left  side. 

Case  21  (19a). — Rfm.  O.,  under  care  of  Captain  D.  C.  Taylor,  and  subsequently  of  Major 
McEwen.  Bullet  wound.  May  22,  1917.  Entrance  right  iliac  region  ;  exit  in  perineum  1  in.  in 
front  of  anus.  At  CCS. ,  vomiting  ;  hard,  rigid  abdomen.  Laparotomy,  six  hours  after  injury,  by 
Captain  Taylor  ;  free  blood  and  urine  in  peritoneal  cavity  ;  small  bowel  cut  across  ;  another 
large  tear  sutured  ;  8  inches  of  ileum  resected,  and  end-to-end  anastomosis  ;  a  tear,  1^  inches, 
in  right  side  of  bladder  sutured  with  double  layer  of  sutures  ;  abdomen  closed  without  drainage. 
Patient  has  passed  urine  naturally  since  operation.  May  29,  has  made  good  recovery ;  has  no 
symptoms  other  than  a  little  distention  ;  not  necessary  to  pass  catheter  ;  laparotomy  wound 
healed  by  first  intention.  Seen  at  base.  May  30,  patient  quite  well  ;  temperature  and  pulse 
normal  ;   bowels  acting  well  ;    passing  urine  normally.     June  11,  patient  quite  well. 

Case  22  (20a). — Pte.  W.  L.  H.,  under  care  of  Captain  Swan.  Bullet  wound,  June  27,  1917. 
Entrance  right  buttock,  outside  and  a  little  posterior  to  anus  ;  exit  same  side,  inner  side  of  femoral 
vessels.  June  28,  escape  of  urine  by  buttock  wound.  Pubic  rami  shattered  ;  prostate  injured, 
Has  passed  some  blood  per  urethram.  Urine  leaks  during  micturition.  Blood,  pus,  coliform  bacilli, 
and  streptococci  in  urine.  Had  bronchitis  and  was  very  ill  with  high  temperature  for  weeks. 
Large  loss  of  bone.  Bladder  washed  out  daily.  July  23,  pieces  of  necrosed  bone  removed.  Lotion 
injected  per  urethram  comes  out  of  woimd.  Aug.  4,  pain  and  rigidity  in  hip  of  affected  side. 
Aug.  20,  passed  some  urine  per  urethram.  Radiography  shows  rarefying  osteitis  of  acetabulum 
and  head  of  femur.  Still  running  an  evening  temperature  of  101°  to  102°  ;  it  comes  down  for  a 
few  days  and  then  goes  up  again.  Hip  fixed  in  splint.  Sept.  24,  passed  about  20  oz.  of  urine 
naturally.  Oct.  11,  still  some  urine  from  wounds.  Oct.  27,  abscess  in  left  groin,  which  had 
tracked  from  opposite  side,  opened.  Nov.  8,  temperature  now  settled  ;  passing  urine  normally  ; 
no  frequency ;  urine  almost  clear.  Dec.  3,  cystoscopy — appearances  have  already  been  described 
in  text  ;  some  difliculty  in  introducing  instrument  owing  to  commencing  stricture  in  prostatic 
urethra.  Dec.  31,  apparently  no  leak.  Jan.  3,  1918,  died  suddenly  from  cardiac  failure,  a  little 
more  than  six  months  after  injury. 

Post-Mortem. — Cardiac  degeneration. 

Case  23  (21a).— Dvr.  W.  W.,  under  care  of  Captain  Dawes.  Shell  wounds,  July  2,  1917. 
Entrance  left  buttock,  large  wound.  Foreign  body  removed.  All  urine  by  buttock  wound.  Other 
wounds  on  buttocks.  July  8,  fsecal-smelling  discharge  coming  from  buttock  wound,  probably 
due  to  a  large  slough,  which  was  removed  by  Captain  Dawes.    Running  a  moderate  temperature 
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up  to  101°  in  the  evenings.  July  23,  some  urine  per  urethram.  July  31,  passed  per  wound  large 
slough  with  ver\'  offensive  smell,  apparently  from  bladder.  Aug.  6,  most  of  lu-ine  per  urethram. 
Aug.  22,  wound  drj-.  Sept.  16,  urine  clear  ;  pain  in  the  area  of  distribution  of  external  popliteal 
nerve.     Woimd  quite  healed  ;    marked  for  evacuation. 

Report  from  England. — Oct.  31,  radiography  shows  no  evidence  of  calculus.  Xov.  15,  doing 
well;  no  trouble  mith  micturition,  urine  quite  normal.  Nov.  24,  fit  for  discharge :  furlough  and 
command  depot. 

Case  24  (22a). — Pte.  G.  M.,  under  care  of  Major  Smith  and  Captain  Lindsay.  Shell  wound, 
July  7,  1917.  Entrance  woimd  right  buttock  ;  missile  entered  rectum  and  passed  through  apex 
of  prostate.  Some  m-ine  escapes  by  rectum  on  mictiurition.  Passed  blood  after  being  hit.  Blood 
and  pus  in  urine.  Radiography  shows  foreign  body  4  J  inches  from  anterior  surface  of  body,  about 
level  of  lower  end  of  coccjtc  ;  sectional  anatomy  shows  it  to  be  at  level  of  posterior  wall  of 
bladder.  July  9,  cystoscopy  ;  foreign  body  in  bladder  (Fig.  20) ;  cystoscopic  appearances  already 
described  in  text.  Running  a  moderate  temperature  of  100°  to  101°  in  the  evenings.  July  11, 
operation  ;  missile  removed  by  pushing  forceps  through  anterior  wall  of  bladder  ;  opening  so  niade 
sutured  ;  abdominal  wall  sutured  except  at  lower  end.  July  18,  passing  nearly  all  urine  by  wound 
at  anus  ;    temperature  going  down.     July  24,  all  urine  per'urethram. 

Report  from  England. — Aug.  18,  still  some  pus  in  urine.  Oct.  9,  urine  is  clear.  Dec.  20, 
discharged  permanently  unfit,  five  months  after  injur\'. 

Case  25  (23a). — Pte.  J.,  under  care  of  Major  Maunsell.  Shell  wounds,  July  31,  1917  ;  scalp, 
thigh,  and  buttock  on  right  side.  Says  he  passed  port -wine-coloured  urine  after  being  hit.  When 
admitted  to  CCS.  a  catheter  was  passed,  but  no  gross  blood  in  urine  ;  radiography  at  CCS. 
showed  foreign  body  in  pelvis.  Arrived  at  base  hospital,  -\ug.  3.  Retention  of  urine ;  catheter 
passed  ;  no  blood ;  bladder  sound  passed  ;  some  resistance  at  internal  meatus ;  no  foreign 
body  felt  ;  bimanually  nothing  discovered  :  cystoscope  passed  ;  inner  tube  removed  to  wash 
out  bladder  ;  could  not  be  replaced  ;  attempt  made  to  withdraw  cystoscope  to  ascertain  reason  ; 
point  of  instnmient  caught  in  urethra,  and  could  not  be  removed  ;  the  foreign  body  had  been 
caught  between  telescope  and  outer  tube  of  cystoscope  proximal  to  the  lamp.  The  foreign  body 
could  be  felt  on  under  surface  of  urethra  in  front  of  the  scrotmn  ;  cut  down  upon  and  removed  ; 
wound  in  urethra  sutured.  Foreign  body  measured  1  x  1  x  J  cm.  It  had  evidently  lodged  in 
bladder,  and  caught  in  the  cystoscope  during  manipulation.     Good  recover^-. 

Case  26  (24a). — Pte.  J.  D.,  under  care  of  Major  Harper.  Shell  wound,  Aug.  8,  1917.  Entrance 
over  sacnun.  Notes  from  CCS. :  Gunshot  wound  of  sacrum  ;  metal  removed  from  bladder  ; 
bladder  sutured  ;  drain  tube  to  space  of  Retzius.  Had  passed  urine  naturally  since  operation. 
Admitted  to  base  hospital,  Aug.  9  ;  posterior  wound  leaking  urine  ;  anterior  wound  almost  healed. 
Aug.  12,  faecal-smelling  discharge  from  posterior  wound  ;  some  leakage  from  anterior  woimd. 
Reconstruction  of  track  :  sacrum,  rectum,  vesiculae  seminales,  pelvic  connective  tissue,  bladder. 
Aug.  23,  leaking  from  suprapubic  wound.  Sept.  1,  no  leakage  from  either  woimd.  Sept.  11, 
wounds  almost  healed. 

Report  from  England. — Dec.  4,  small  sequestrum  removed  fit)m  sacral  region.  Jan.  5,  1918, 
urine  cloudy,  alkaline,  contains  pus  and  albumin  ;  sinus  at  back  of  sacrum  opened  up  and  curetted. 
Jan.  7,  urine  oozing  through  sacral  wound.     Jan.  28,  still  in  hospital,  five  months  after  injury. 

Case  27  (25a). — Pte.  W.  H.,  under  care  of  Major  Everidge  while  at  base.  Shell  wound,  Oct. 
12,  1917.  Entrance  right  groin  ;  no  exit ;  track  went  superficial  to  femoral  vessels,  wounding 
vein,  passed  through  horizontal  ramus  of  pubis  on  right  side  into  bladder  extraperitoneally,  then 
out  through  peritoneal  aspect  of  bladder  across  rectum,  tearing  the  gut,  to  lodge  finally  in  wall  of 
pelvis  on  opposite  side.  Admitted  to  base  hospital  Oct.  13  ;  vomiting  ;  rising  pulse';  abdomen 
tender  in  lower  half,  somewhat  rigid,  distended.  About  1  oz.  of  urine  containing  blood  had  been 
drawn  off  at  CCS.  On  arrival  at  base,  urine  was  leaking  through  wound  in  groin,  which  was  foul 
and  gassy.  Oct.  14,  laparotomy ;  longitudinal  rent  about  1  in.  long  on  peritoneal  aspect  of 
bladder  sutured  with  two  layers  of  catgut ;  transverse  slit  in  rectum  reaching  to  the  lumen  also 
sutured  ;  foreign  body  lying  in  a  hole  in  lateral  wall  of  pelvis  not  removed,  patient  being  too  ill 
for  further  manipulation.     Death  thirty-six  hours  later  from  peritonitis. 

Case  28  (26a).— Pte.  W.  R.,  under  care  of  Major  Harper.  Shell  wounds,  Sept.  26,  1917. 
Peppered  all  over  buttocks.  At  field  ambulance,  two  hours  after  injurj-,  vomiting,  rigiclity  of  lower 
half  of  abdomen,  and  tenderness,  particularly  on  left  side  ;  haematuria  ;  catheter  tied  in.  At 
CCS.,  catheter  removed  ;  patient  improving  rapidly  and  passing  urine  naturally.  Sept.  28, 
admitted  to  base  hospital.  Still  some  haematuria.  knee-jerks  absent,  band  of  hj-peraesthesia 
corresponding  to  11  and  12  D.  Urine  dribbling  at  times,  and  faecal  incontinence.  Oct.  5, 
incontinence  has  passed  off  ;  wounds  nearly  healed  ;  urine  alkaline  and  contains  pus  and  blood. 
Oct.  9,  right  epididj-mitis.  Oct.  10,  tenderness  over  bladder,  and  pain  at  point  of  penis  after 
micturition;  temperature  103°.  Oct.  16,  temperature  falling;  cystoscopy — already  described  in 
text  (Fig.  21);   two  minute  foreign  bodies  seen  in  bladder. 

Report  from  England. — ^Nov.  4,  good  control  of  urine,  but  some  frequency.  Nov.  13,  no 
discomfort  in  passing  urine.  Nov.  20,  radiography  shows  no  foreign  body  in  "or  near  bladder 
(they  had  probably  been  passed  per  urethram).  Report  on  urine,  Nov.  7  :  albumin  nil,  small 
number  of  pus  cells. 
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Case  29  (27a). — Pte.  L.,  under  care  of  Major  D.  Crawford.  Wounded  Oct.  7,  1917,  and  lay 
out  four  days.  Entrance  wound  just  above  pubis  immediately  to  left  of  mid-line  ;  exit  ripht 
buttock  at  level  of  ischial  spine.  Oct.  13,  admitted  to  base  hospital.  Urine  and  ficces  leaking  tiuoufih 
buttock  woimd.  Track  in  buttock  jiasses  into  rectum.  Per  rectum,  larjje  hole  in  anterior  wall  at 
apex  of  prostate  communicating  with  bladder,  admittinji  index  finger.  Bladder  drained  through 
rectum  by  rubber  tube  ;  buttock  wound  also  drained  by  tube.  Suprapubic  wound  had  entirely 
healed.     Highest  temperature  101°,  highest  pulse-rate  108.     Marked  for  England  Oct.  20. 

Report  from  England. — Nov.  2,  operation  ;  some  fragments  of  fractured  right  pubic  hone 
removed.  Nov.  19,  a  little  urine  per  urethram.  Jan.  28,  1918,  still  in  hospital,  three  montiis  after 
injury. 

Case  30  (28a). — Pte.  McF.,  under  care  of  Captain  Hemmans.  Bullet  woimd,  Oct.  12,  1917. 
Entrance  wound  left  buttock  ;  exit,  larger  in  size,  just  below  right  anterior  superior  iliac  spine. 
Admitted  to  base  hospital  Oct.  15.  Temperature  98-6°,  pulse  112  ;  general  condition  poor;  exit 
woimd  very  septic  ;  blood-stained  urine  per  rectum  and  per  urethram.  Oct.  18,  rigor,  temperature 
105-6°.     Nov.  19,  died. 

Post-mortem. — Track  from  left  buttock  through  great  sacro-sciatic  foramen,  perforating 
rectum  twice,  bladder  twice  extraperitoneally,  fracturing  horizontal  ramus  of  pubis  and  head  of 
femur  of  opposite  side.  Pelvic  cellulitis  in  front  and  to  right  side  of  bladder.  Gas  gangrene  of 
iliopsoas,  pectineus,  sartorius,  gracilis,  and  adductors.  Acute  cystitis,  with  necrosis  of  mucous 
membrane  of  bladder  ;  this  necrosis  was  in  the  form  of  a  number  of  raised  patches,  firm,  greyish 
in  colour,  and  was  situated  chiefly  on  base  and  posterior  wall.     Kidneys  normal. 

Case  31  (29a). — Pte.  W.,  under  care  of  Lieutenant-Colonel  Hurley.  Wounded,  Sept.  26,  1917, 
by  jumping  into  a  shell  hole  and  impaling  himself  on  bayonet  of  comrade.  Sept.  28,  admitted  to 
base  hospital.  In  great  pain,  lower  alxiomen  tender  and  rigid  ;  no  history  of  vomiting  ;  bowels 
had  acted  previous  day,  blood  in  motion  ;  blood  in  urine  drawn  off  by  catheter.  Examination  : 
incised  wound  IJ  in.  long  in  outer  and  posterior  part  of  left  ischiorectal  fossa.  Laparotomy, 
same  day,  by  Lieutenant-Colonel  Hurley  ;  clean-cut  perforation  of  the  antero-lateral  aspect  of 
rectum,  shut  off  by  adhesions  ;  no  gross  leakage  of  bowel  contents  ;  wound  in  rectimi  sutured  ; 
hole  in  mesorectum  also  sutured.  A  clean-cut  wound  J  in.  long,  non-perforating,  on  peritoneal 
surface  of  bladder  ;  this  extended  as  far  as  muscular  coat  ;  sutured.  Bayonet  wound  was  found  at 
bottom  of  rectovesical  pouch.  Drain  with  split  rubber  tube  and  gauze  to  Ilouglas's  pouch. 
Lithotomy  position  ;  perineal  wound  opened  up,  extended  upwards  and  medially,  striking 
inner  surface  of  left  pubic  ramus,  f  in.  from  mid-line.  No  extravasation  of  urine  ;  blood-stained 
urine  escaped  freely  from  wound  on  introduction  of  finger  to  its  depths  ;  drained.  Oct.  14, 
transferred  to  England  eighteen  days  after  operation,  with  few  drops  of  urine  still  leaking  from 
perineal  wound  during  micturition. 

Case  32  (lb). — Cpl.  P.,  under  care  of  Captain  de  la  Cour.  Wounded  by  shrapnel  ball,  Oct. 
11,  1915.  Entrance  external  abdominal  ring  on  right  side  ;  missile  extracted  from  left  buttock 
near  anus  at  field  ambulance.  Admitted  C.C.S.  same  day  ;  profuse  ha^maturia,  clots  ;  had  a 
large  motion  mixed  with  blood  ;  temperature  101°  ;  pulse  96.  Admitted  base  hospital,  Oct.  13. 
Temperature  102°.  Abdomen  tender,  slightly  rigid.  Leaking  slightly  at  anterior  wound.  Urine 
almost  free  from  blood.  Catheter  tied  in.  Some  ecchymosis  of  scrotum  on  right  side  ;  no  swelling 
of  testis.  Gas-  and  faecal-smelling  stuff  came  through  wound  on  right  side  and  through  catheter. 
Suprapubic  cystostomy  ;  large  extraperitoneal  cavity  found,  containing  pus  and  fajcal-smelling 
material  ;  pubic  bone  smashed  at  symphysis  :  this  cavity  communicated  with  rectum  and  with 
woimd  in  left  buttock.  Oct.  17,  transverse  colostomy  ;  temperature  swinging  to  103°  in  evening. 
Died  Oct.  23. 

Post-mortem. — Bladder  badly  lacerated  ;  rectum  opened  ;  pubis  smashed  ;  cellulitis  extended 
round  caecum  to  right  renal  region. 

Case  33  (2b). — Lieut.  M.,  under  the  care  of  Major  Martin.  Shell  wound,  May  2,  1916. 
Entrance  wound  right  buttock,  from  which  urine  leaked.  May  3,  suprapubic  cystostomy  at 
C.C.S.  May  16,  very  little  urine  from  cystostomy  wound ;  passing  urine  naturally  ;  it  contains 
a  little  pus  and  a  fair  amount  of  albumin.  Temperature  normal.  No  fracture.  Evacuated 
to  England  doing  well. 

Case  34  (3b). — Pte.  .1.  G.,  under  care  of  Captain  Morgan.  Shell  wounds,  May  7,  1916.  Two 
entrance  wounds,  one  in  right  buttock  and  one  internal  to  right  anterior  superior  iliac  spine  ;  no 
exit.  Fracture  of  iliac  bone,  complicated  with  severe  compound  fracture  of  both  bones  of  right 
forearm  and  a  wound  of  left  leg.  On  admission  to  C.C.S.  :  vomiting  ;  pulse  120  ;  alxiomen  rigid 
and  tender.  Pure  blood  by  catheter  ;  swelling  over  lower  abdomen  due  to  extravasation  of  urine. 
Laparotomy  by  Captain  D.  C.  Taylor,  nine  hours  after  injury  ;  tissues  infiltrated  with  urine  ; 
abdomen  opened  ;  no  intraperitoneal  lesion  ;  peritoneum  closed  ;  bladder  opened  by  suprapubic 
route;  full  of  blood-clot ;  sponged  out  ;  laceration  low  down  close  to  prostate  ;  missile  not  found. 
May  5,  amputation  through  arm  for  gangrene  in  forearm.  Admitted  base  hospital.  May  22. 
Patient  pale,  distressed,  anxious  ;  rapid  respiration,  and  slight  dyspnoea  ;  had  been  running  a 
high  temperature  at  C.C.S.  Urotropin  given  and  bladder  washed  out.  May  24,  respiration 
rapid  and  difficult  ;  sputum  profuse,  thick,  and  foul  ;  pneumonia  ;  urine  oozing  from  buttock 
and  other  wounds.     May  27,  death. 
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Po^t-morlem. — Patches  of  pneumonic  consolidation  scattered  throughout  lower  lobe  of  left  lunjt, 
in  places  almost  breaking  down  ;  congestion  and  some  slight  pleuritic  adhesions  at  base  ;  whole 
of  middle  lobe  and  upper  part  of  lower  lobe  of  right  lung  consolidated  ;  at  one  part  of  middle  lobe 
consolidated  area  breaking  dowTi  ;  congestion  at  base  ;  numerous  pleuritic  adhesions  all  over 
surface  of  right  lung.  Liver  and  spleen  healthy.  Kidneys  :  some  passive  congestion  ;  pus  in 
pelves.  Track  of  missile  passed  through  a  series  of  abscesses,  with  purulent  material  in  the  space 
between  them  ;  foreign  body  perforated  bladder  twice  extraperitoneally,  levator  ani,  pelvic  fascia, 
obturator  intemus,  and  lodged  in  pelvic  aspect  of  ischial  tuberosity. 

Case  35  (4b). — Rfm.  T.  P.,  under  care  of  Major  West.  Bullet  wound,  May  29,  1916.  Entrance 
left  buttock  ;  no  exit.  On  admission  to  C.C.S.,  condition  good  ;  severe  abdominal  pain  and  rigidity. 
Laparotomy  by  Captain  Dew  ;  nothing  found  but  slight  tear  in  peritoneum  ;  per  rectimi.  a  large 
opening  found  in  lower  part  of  rectum  :  blood  in  bladder  ;  iliac  colostomy  ;  suprapubic  cystos- 
tomy  ;  three  pieces  of  bullet  removed  from  bladder  and  one  from  left  groin.  Admitted  to  base 
hospital,  June  3.  Temperature  107-2"  ;  suppression  of  urine  ;  severe  headache  and  backache  ; 
pulse  128.  Later  a  little  oozing  of  urine.  Dry  tongue.  Drenching  sweats  after  rises  of  tempera- 
ture. Pallid.  Listless  ;  conscious.  No  uraemic  fits.  June  12,  jaundiced  ;  temperature  still  high  ; 
urine  scanty.     June  14,  sordes  on  teeth  ;    tremors  ;    pulse  small  and  rapid.     June  15,  died. 

Post-mortem. — Pelvic  cellulitis  extending  backwards  and  downwards  from  space  of  Retzius. 
No  apparent  renal  trouble. 

Case  36  (5b).— Pte.  F.  L.,  under  care  of  Captain  Morgan.  Shell  wound.  June  13,  1916,  right 
buttock.  On  admission  to  C.C.S.,  ver>'  collapsed,  running  pulse,  great  agony.  Laparotomy  by 
Captain  Meyer  ;  small  fragment  of  shell  found  between  rectum  and  bladder  ;  one  hole  in  left  side 
of  bladder  ;  tear  in  peritoneal  and  muscular  coats  of  pelvic  colon,  which  was  invaginated  and 
sutured  ;  finger  passed  into  bladder  ;  large  foreign  body  found  here  ;  impossible  to  remove 
through  existing  hole  in  bladder  ;  latter  was  therefore  sutured  ;  suprapubic  opening  into  bladder  ; 
large  foreign  body,  1  in.  long,  removed  ;  two  other  holes  in  lateral  walls  of  bladder ;  impossible 
to  suture  these  as  patient  was  pulseless  ;  bladder  drained.  Patient  admitted  to  base  hospital, 
June  20.     Urine  leaking  from  buttock  wound.     Evacuated  to  England  a  few  days  later. 

Report  from  England. — March  23,  1917,  removal  of  right  testicle  for  abscess  of  four  months' 
standing;  both  body  and  epididymis  involved.  April  12,  large  stone  or  "  incrusted  piece  of 
shrapnel"  removed  by  suprapubic  route.  July  5,  wounds  completely  healed.  July  11,  discharge 
of  pus  from  urethra  ;  gonococci  found.  Patient  had  ear  trouble  which  delayed  his  recoverj-. 
He  was  discharged  as  unfit  for  military  service  in  November,  1917,  about  a  year  and  five 
months  after  his  injur\'. 

Case  37  (6b). — Pte.  P.,  under  care  of  Major  West.  Wounded  left  buttock,  June  27,  1916  ; 
nature  of  missile  not  stated.  Admitted  to  C.C.S.,  .June  28.  Abdomen  tender  and  rigid.  Vomiting. 
Catheter  drew  off  pure  blood.  Prevesical  space  opened  up  and  found  full  of  blood-clot  ;  laparo- 
tomy ;  no  intraperitoneal  lesion  ;  bladder  drained  by  suprapubic  route.  On  arrival  at  base,  urine 
still  flowing  from  buttock  wound.     July  4,  death  from  pelvic  cellulitis  and  sepsis. 

Case  38  (7b). — Pte.  B.,  under  care  of  Captain  Bryan.  Shell  wound,  July  1,  1916.  Entrance 
left  buttock.  Treated  at  CCS.  by  suprapubic  cystostomy.  On  arrival  at  base,  urine  still 
flowing  from  wound  in  buttock.  Corrected  notes  :  Shrapnel  woimd  from  left  hip  to  right  iliac 
region  ;   some  shrapnel  removed  from  bladder.     (Shrapnel  here  probably  means  shell. — A.  F.) 

Report  from  England. — Some  stricture  at  bladder  orifice.  Three  stones  in  bladder  crushed  and 
removed.  Sinus  still  persists  from  bladder  to  wound  in  right  iliac  region.  Present  condition  :  a 
good  deal  debilitated  by  prolonged  suffering,  etc.  ;  is  40  years  old,  but  appears  more  ;  has  trouble 
with  urinarj-  sinus  and  often  a  good  deal  of  pain.  Quite  possibly  the  stricture  may  give  trouble  in 
the  future.  Some  cystitis  and  frequency  of  micturition.  Recommended  for  discharge  as  perma- 
nently unfit.  Sept.  9,  1917,  discharged  as  no  longer  physically  fit  for  war  service,  one  year  and 
two  months  after  injury. 

Case  39  (8b). — Sergt.  C,  under  care  of  Major  Menzies.  Bomb  wounds  Sept.  9,  1916.  Entrance 
left  buttock  ;  another  wound  in  right  upper  extremity.  No  urine  or  faeces  from  buttock  wound. 
At  CCS.,  suprapubic  cystostomy  ;  metal  removed  from  bladder  ;  drain  into  bladder.  Sent  to 
base  with  catheter  tied  in.  Arrived  at  base  hospital  with  severe  urethritis.  Catheter  removed. 
Urethra  and  bladder  irrigated  daily.  Oct.  30,  abdominal  wound  healed  ;  voids  urine  normally. 
Nov.  4,  evacuated  to  England  doing  well. 

'■'    Report  from  England. — Urine  still  contained  pus  on  Nov.  28  ;   patient  otherwise  well.     Posted 
to'  B.E.F.,  France,  June  15,  1917,  about  nine  months  after  injury. 

Case  40  (9b). — Pte.  F.  H.,  under  care  of  Captain  Hamilton  Drummond.  Wounded  by  rifle 
grenade,  Nov.  5,  1916.  Entrance  wound  near  middle  line,  3  in.  above  pubis  ;  no  exit.  On 
arrival  at  CCS.  patient  was  in  a  condition  of  shock,  and  had  vomited  several  times  ;  a  catheter 
drew  off  10  oz.  of  blood-stained  urine  ;  per  rectum,  a  foreign  body,  size  of  hazel  nut,  felt  through 
anterior  rectal  wall.  Laparotomy  by  Capt.  Drummond ;  peritoneal  cavity  contained  blood  ; 
one  perforation  of  small  intestine  a  foot  from  caecum  sutured  ;  group  of  perforations  2i  ft.  from 
caecum  ;  this  damaged  area  of  small  gut  was  resected  ;  bladder  perforated  almost  in  middle  line, 
IJ  in.   from  peritoneal  reflection  ;    there  was  a  wound  of  the   rectovesical  pouch  made  by  the 
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missile  as  it  passed  through  the  bladder  and  out  ajjain  ;  at  the  bottom  of  this  wound  the  niissile 
could  be  felt  lyinjf  on  the  rectum  just  below  the  peritoneal  reflection  ;  missile  removed  ;  finger 
introduced  into  bladder  through  entrance  wound,  and  exit  wound  felt  in  the  middle  line  behind  the 
trigone  ;  Captain  Drummond  opened  the  bladder  freely  on  its  peritoneal  aspect  and  dealt  with 
the  exit  wound  from  within  as  described  in  text ;  bladder  was  drained  suprapubically  after  suture 
of  intraperitoneal  incision  ;  rectovesical  pouch  drained.  Evacuated  to  England  with  small  drain 
in  bladder,  doing  well. 

Reports  from  England. — Discharged  on  sick  furlough  Feb.  2,  1917.  Discharged  from  the 
service  on  Jime  6,  about  seven  months  after  injury. 

Case  41  (10b).— A.  B.  McK.,  under  care  of  Captain  Kelly.  Wounded,  Nov.  13,  1916. 
Nature  of  missile  not  stated.  Through-and-through  wound  from  right  groin  to  right  buttock. 
At  C.C.S.,  right  testicle  removed.  Rami  of  pubis  on  right  side  fractured.  Urine  leaking  con- 
tinuously into  woimds.  Admitted  into  base  hospital  Nov.  18.  Two  days  later  pain  in  chest, 
pleuritic  friction  and  tubular  breathing  at  bases  of  lungs.     Nov.  22,  died. 

Post-mortem. — -Extensive  fracture  of  horizontal  and  descending  rami  of  pubis  involving  sym- 
physis ;  anterior  wall  of  bladder  torn  away,  hole  admitted  four  fingers.  Lymph  on  both  pleurae  ; 
patchy  consolidation  at  both  bases  and  axillary  aspect  of  left  upper  lobe. 

Case  42  (lib). — Pte.  R.  W.,  under  care  of  Major  McEwen.  Shrapnel  ball  wound,  April  9, 
1917.  Entrance  left  buttock.  At  C.C.S.,  laparotomy  ;  a  little  free  blood  in  peritoneal  cavity  ; 
large  extraperitoneal  haematoma  in  suprapubic  region  ;  shrapnel  ball  removed  from  side  of 
bladder  in  this  area  ;  suprapubic  cystostomy.  April  21,  arrived  at  base  hospital.  Abdominal 
wound  infected  ;  urine  flowing  from  suprapubic  wound.  April  28,  leakage  ceased.  Evacuated  to 
England  a  few  days  later,  doing  well. 

Case  43  (12b). — Pte.  A.  V.  C,  under  care  of  Captain  Main.  Bullet  wound,  April  4,  1917. 
Entrance  right  iliac  region  ;  no  exit.  Missile  had  passed  back,  injuring  right  lateral  extra- 
peritoneal aspect  of  bladder,  and  lodged  at  interval  between  1st  and  2nd  sacral  foramina  of 
left  side  near  the  bone  ;  large  extraperitoneal  haimatoma.  At  C.C.S.,  suprapubic  cystostomy. 
Admitted  base  hospital  on  April  11.  Sloughing  of  scrotum.  Suprapubic  wound  covered  with 
phosphates.  A  few  days  later  a  large  slough  like  a  cast  of  theibladder  came  away  on  washing 
out  the  latter.     May  1,  evacuated  to  England,  doing  fairly  well. 

Report  from  England. — Patient  up  and  about  on  July  27  ;  wounds  healed,  but  patient  thin 
and  anaemic  ;  frequent  micturition,  pus  in  urine.  Aug.  6,  improving.  Still  some  pus  in  urine  on 
Sept.  8.     Oct.  22,  fairly  well.     Nov.  15,  discharged  medically  unfit  about  six  months  after  injury. 

Case  44  (13b). — Cpl.  J.  F.  B.,  under  care  of  Captain  Morgan.  Bullet  wound,  May  3,  1917. 
Entrance  wound  just  to  left  of  middle  line  in  suprapubic  region,  one  inch  above  pubis  ;  missile 
passed  through  anterior  wall  and  right  side  of  base  of  bladder  ;  exit,  right  buttock  ;  margins  of 
obturator  foramen  smashed.  Haematuria.  At  C.C.S.,  wounds  cleaned  and  drained  ;  bladder 
drained  suprapubically.  May  10,  on  admission  to  base  hospital,  general  condition  poor  ;  patient 
septic,  restless,  incoherent  ;  anterior  operation  wound  clean  ;  no  urinary  fistula  in  suprapubic 
region,  but  urine  flowing  from  foul  wound  in  buttock  ;  a  good  deal  of  blood-stained  urine  coming 
per  urethram  ;  temperature  103°  ;  pulse  128  ;  tongue  coated  with  yellow  fur,  sordes  on  teeth  ; 
paralysis  of  right  sciatic  nerve.  May  12,  B.  sporogenes  grown  from  blood  ;  gas  gangrene  of  glutei 
and  psoas  muscles  of  right  side  ;   patient  a  coppery  colour.     Died  same  day. 

Post-mortem. — General  gas  infection. 

Case  4.5  (14b). — Pte.  IT.,  under  care  of  Captain  Wilgress.  Shell  wounds,  June  6,  1917. 
Entrance  right  buttock  ;  also  multiple  wounds  of  thigh  and  buttock.  At  C.C.S.,  laparotomy  ; 
intraperitoneal  wounds  of  bladder  and  rectum  ;  bladder  and  rectal  wounds  sutured  ;  foreign 
bodies  removed  ;  abdomen  closed  ;  suprapubic  cystostomy.  Name  of  surgeon  who  operated  at 
CCS.  not  stated.  June  18,  arrived  at  base  hospital.  Suprapubic  drain  blocked,  dressings 
soaked  ;  slight  distention  of  abdomen  ;  slight  general  rigidity  of  abdominal  wall ;  bladder  foul ; 
supraptibic  wound  discharging  ammoniacal  urine  with  muco-pus  and  gritty  material  ;  patient 
collapsed  and  sweating  ;  vomiting  ;  laparotomy  wound  red,  with  superficial  suppuration  ;  entrance 
wound  in  buttock  discharging  pus.  .June  2,3,  faecal  fistula  in  buttock.  .Tune  26,  piece  of  clothing 
and  metal  removed  from  thigh.  July  4,  intestinal  obstruction.  Major  West  thought  the 
obstruction  was  in  region  of  wound  of  rectum,  and  performed  transverse  colostomy.  Death 
same  day. 

Post-mortem. — Obstruction  due  to  adhesions  between  small  intestine  and  the  sutured  wound 
in  rectum  ;  intestines  at  this  spot  matted  together  ;  interior  of  bladder  foul,  inflamed,  and  encrusted 
with  phosphates  ;    the  hole  in  bladder  could  not  be  found. 

Case  46  (1.5b). — Pte.  K.,  under  care  of  Captain  Palmer.  Bullet  wound,  July  13,  1917. 
Entrance  left  buttock  ;  no  exit.  Fracture  of  pubic  bone  ;  urine  leaking  from  small  wound 
in  buttock  ;  bladder  apparently  full  ;  ecchymosis  of  abdominal  wall,  penis,  scrotum,  and 
f)erineum.  Operation  in  base  hospital  same  day  ;  attempt  to  empty  bladder  by  catheter  failed 
owing  to  blocking  by  blood-clot ;  suprapubic  cystostomy  ;  urinary  extravasation  ;  two  holes  in 
bladder  in  anterior  wall,  one  on  either  side  of  urethral  opening  ;  that  on  right  side  led  to  a  hole 
in  pubic  bone  in  which  bullet  was  found  ;    perineal  incision  made,  and  perivesical  space  drained  by 


BLADDER     IXJUEY     IN     WAEFARE  55 

two  tubes,  one  going  towards  bladder  and  one  towards  the  entrance  wound  in  the  buttock  where 
there  was  a  collection  of  fluid  ;  suprapubic  wound  sutured  in  layers,  leaving  an  opening  for  a  small 
tube  which  drained  the  bladder.  July  19,  suprapubic  tube  removed.  Aug.  6,  evacuated  to 
England  ;  temperature  had  been  normal  for  a  fortnight,  and  patient  had  been  passing  urine 
normally  for  eight  days. 

Report  from  England. — Urine  leaked  a  little  from  perineum  for  some  days,  but  this  wound  was 
dr\'  on  Aug.  22.  Sept.  1,  perineal  wound  healed.  Sept.  15,  lower  end  of  epididymis  swollen, 
hard,  and  tender.  Dec.  8,  urine  contained  much  albumin  and  pus  ;  frequency  of  micturition. 
Dec.  17,  cystoscopy  showed  two  small  calculi  in  bladder  ;  these  were  removed  by  litholapaxy, 
Dec  19.  Note  dated  Jan.  7,  1918,  states  :  ""  This  man  has  made  a  good  recovery,  and  will  be 
ready  for  discharge  from  hospital  in  about  two  weeks." 

Case  47  (16b). — Sergt.  M.,  under  care  of  Colonel  Elder.  Wounded  by  shrapnel  ball,  July  31, 
1917.  Entrance  wound  right  buttock  ;  no  exit.  Admitted  base  hospital,  next  day.  Abdomen 
rigid;  dullness  in  flanks  ;  pulse  112;  temperature  101' ;  considerable  shock.  Patient  says  he  has 
not  voided  urine  since  injury.  Catheter  drew  off  a  small  amount  of  blood-stained  urine,  and  a 
fragment  of  cloth  was  stuck  in  eye  of  catheter.  Operation  same  day  by  Colonel  Elder  ;  supra- 
pubic iiui>i<)n  struck  a  large  quantity  of  bloody  fluid  with  urinous  odour  in  the  perivesical  tissues  ; 
also  free  L'a>  without  faecal  odour;  bladder  opened,  and  shrapnel  ball  with  some  cloth  removed  ; 
entrance  wcjund  of  missile  into  bladder  could  be  felt  on  right  posterior  aspect  near  the  trigone  ; 
suprapubic  rubber  drain  into  bladder  ;  laparotomy  in  right  semilunar  line  at  level  of  umbilicus  ; 
bloody  fluid,  smelling  of  urine,  escaped  ;  peritonitis,  with  exudate  all  over  the  coils  of  bowels  ; 
no  injured  intestine  ;  abdomen  closed.  Temperature  never  rose  above  101°,  and  pulse,  which  had 
gone  up  to  140  after  operation,  came  steadily  down.  Patient  began  to  pass  water  on  Aug.  17,  four 
days  after  removal  of  suprapubic  tube  into  bladder.  Evacuated  to  England,  with  urine  still 
leaking  from  suprapubic  wound. 

Report  from  England. — On  arrival  at  a  military-  hospital  urine  was  draining  through  wound, 
and  patient  unable  to  void  per  urethram.  In  the  fourth  week  of  treatment  (at  this  hospital),  one 
week  after  removal  of  a  tube  (which  had  been  inserted  after  patient's  arrival),  patient  was  able  to 
void  ten  ounces  of  urine  at  a  time,  and  the  bladder  wound  was  practically  healed.  "  There  was 
some  loss  of  bladder  wall  ;  much  loss  of  fascia  and  muscle  adjacent  to  wound  through  sloughing. 
Uneventful  recovery  ;  no  sequelae.''  Later  note  states  that  the  patient  joined  a  battalion  on 
Nov.  29,  about  four  months  after  injury. 

Case  48  (17b).— Pte.  K.  McQ.,  under  care  of  Captain  Palmer.  Bullet  wound,  Sept.  20,  1917. 
Entrance  wound  at  coccyx  ;  missile  passed  through  rectum  and  bladder,  and  out  through  supra- 
pubic region.  At  C.C.S.,  suprapubic  cystostomy  and  iliac  colostomy  ;  coccjtc  injured.  Oct.  18, 
passing  most  of  urine  per  urethram  ;  xirine  had  leaked  from  rectum  and  suprapubic  wound. 
Nov.  17,  wounds  almost  healed  ;   down  for  evacuation. 

Case  49  (18b).— Bomb.  P.,  under  care  of  Captain  P.  N.  Vellacott.  Shell  wound,  Oct.  11,  1917. 
Entrance  left  buttock.  Urine  escaped  from  buttock  on  micturition.  On  admission  to  base  hospital, 
bruising  of  scrotum  and  perineum.  Captain  Vellacott  tied  in  a  soft  catheter.  Rectal  examination 
disclosed  a  foreign  body  on  left  side  of  middle  line  in  front  of  rectum.  Oct.  13,  perineal  section  ; 
urethra  not  opened  ;  foreign  body  found  lying  against  wall  of  bladder  ;  opening  in  bladder  not  felt  ; 
the  foreign  body  was  large  and  irregular,  about  1  in.  long  ;  no  bone  or  bowel  injury  discovered. 
Catheter  became  blocked.  Oct.  17,  suprapubic  cystostomy  ;  Guyon's  catheter  introduced.  Urine 
leaked  from  buttock  and  perineum.     Evacuated  to  England,  Oct.  28. 

Report  from  England. — Nov.  2,  wound  in  left  buttock  discharging  faeces  for  first  time.  On 
Nov.  19,  this  had  ceased.  Nov.  21,  passed  a  small  quantity  of  urine  naturally.  Dec.  18,  supra- 
pubic wound  dr\'.  Dec.  20,  perineal  wound  discharging  freely.  Jan.  28,  1918,  patient  is  still  in 
hospital. 

Case  50  (19b). — Lieut.  J.  R.  B.,  under  care  of  Major  Ranking.  Wounded,  Aug.  16,  1917, 
nature  of  missile  not  stated.  Entrance,  right  groin  ;  pubic  bone  fractured  and  spermatic  cord 
divided  ;  missile  tore  a  large  hole  in  anterior  wall  of  bladder,  and  passed  through  sacrum.  At 
C.C.S.,  ligature  of  cord  and  removal  of  testicle  ;  suprapubic  cystostomy.  Faeces  and  urine  from 
posterior  wound.  Sept.  2,  faeces  from  anterior  wound.  Sept.  30,  suprapubic  wound  dry,  but  urine 
still  leaks  from  groin  ;  urine  also  passed  per  anum.  Oct.  10,  passing  some  urine  naturally.  On 
evacuation,  Oct.  11,  most  of  the  faeces  coming  per  rectum  and  all  the  urine  by  rectum  or  groin. 

Case  51  (20b).— L.-Cpl.  W.  F.,  under  care  of  Captain  Bush.  Bullet  wound,  Oct.  17,  1917. 
Entry  just  anterior  to  left  great  trochanter.  Note  from  CCS. :  Bladder  explored  extraperitoneally ; 
found  injured  ;  prostatic  urethra  completely  divided  at  neck  of  bladder  ;  blood  in  space  of 
Retzius ;  bladder  opened  by  suprapubic  route  and  drained.  Oct.  20,  admitted  to  base  hospital. 
Radiography  shows  fracture  of  ascending  ramus  of  pubis,  and  bullet  1  in.  behind  neck  of  right 
femur.  Pain  in  left  thigh  and  leg  (anterior  crural  nerve).  Tender  in  perineum.  Tube  in  space 
of  Retzius  not  draining  well.  Urine  very  ammoniacal.  Oct.  22,  temperature  102°  ;  pulse  112. 
Perineal  section  ;  on  separating  sphincter  ani  from  bulb  of  urethra  large  space  opened  up,  con- 
taining old  blood-clot,  urine,  and  a  very  small  amount  of  faecal  matter  ;  rami  of  pubis  found 
fractured  on  both  sides  ;  prostate  shattered,  urethra  torn  from  neck  of  bladder  ;    catheter  led  into 
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bladder,  and  drainage  tubes  from  eacli  side  towards  rami  of  pubis  ;  examination  of  wound  of 
entr\'  revealed  some  guttering  of  anterior  surface  of  great  trochanter  ;  Carrel's  tubes.  Oct.  23, 
tem|)erature  102°,  pulse  120  ;  patient  says  he  is  much  more  comfortable  and  free  from  pain.  Nov. 
1,  died  of  bronchopneumonia.     No  post-mortem. 

Case  52  (21b). — Pte.  A.  J.  L.,  luider  care  of  Captain  Sampson.  Wounded  by  shrapnel  l)all, 
Oct.  4,  1917.  Entrance  left  buttock  near  middle  line;  coccyx  injured;  missile  perforated  posterior 
and  anterior  walls  of  rectum,  passed  through  peritoneal  cavity,  posterior  and  anterior  walls  of 
bladder,  and  came  to  rest  beneath  skin  of  sui)rapubic  region,  where  it  was  found  and  removed. 
I^aparotomy  on  day  of  injury  ;  peritoneal  perforation  of  rectimi  and  bladder  inaccessible  ;  shut 
off  by  line  of  sutures  across  pelvic  floor  ;  drain  into  Douglas's  pouch  ;  su|)rapubic  cystostomy. 
Oct.  6,  iliac  colostomy.  Nov.  5,  tube  removed  from  bladder.  Urine  passed  by  natural  passage 
about  five  weeks  after  operation.  Nov.  19,  admitted  to  base  hospital.  Still  leaking  from  suprapubic 
wound.  Cystoscopy  ;  see  text  and  Fig.  22.  Per  rectum,  a  linear  oblique  scar  on  anterior  and 
posterior  walls  of  rectum  about  a  finger's  length  from  anus.  Dec.  1.5,  fsecal  fistida  closed  by  extra- 
peritoneal method  ;  sinus  leading  to  bladder  curetted.  Dec.  20,  some  leakage  of  fseces.  Dec.  24, 
suprapubic  wound  dry.  Feb.  7,  1918,  faecal  fistula  almost  closed  ;  no  urinary  symptoms.  Patient 
quite  well. 

Case  53  (22b). — Gnr.  B.,  under  the  care  of  Captain  Fletcher.  Shell  wound,  Dec.  11,  1917. 
Entrance  left  buttock  {Fig.  10).  At  C.C.S.,  slight  trace  of  blood  found  in  urine  removed  by  catheter. 
Patient  could  pass  no  water  during  first  two  daj's.  No  leak  from  buttock  wound.  On  admission 
to  base  hospital,  no  urinary  symptoms.  Dec.  15,  urine  contained  albumin  and  blood-cells, 
but  no  pus.  Dec.  23,  frequency  of  micturition  commenced  ;  urine  now  contained  albumin,  pus  in 
quantity,  and  scanty  red  cells  ;  radiography  showed  fracture  of  sacrum,  and  foreign  body  3J  in. 
from  back  on  left  side  near  middle  line,  at  level  of  4th  sacral  vertebra  ;  cystoscopy  has  been 
described  in  text  {Fig.  23)  ;  per  rectum,  thickening  in  neighbourhood  of  left  vesicula  seminalis. 
Dec.  24,  suprapubic  cystostomy  ;  foreign  body  felt  in  pocket  of  wall  of  bladder  ;  removed  through 
bladder  ;  suprapubic  drain.  Jan.  15,  1918,  passed  urine  naturally.  Has  been  washed  out  regularly 
with  nitrate  of  silver  solution.  Jan.  28,  urine  free  from  pus.  Feb.  1,  out  of  bed;  wound  quite 
dry ;  no  urinary  symptoms.     Feb.  9,  evacuated  to  England,  quite  well. 

Captain  D.  C.  Taylor  has  kindly  forwarded  notes  of  a  case  recently  operated  on  by 
him.  They  illustrate  so  well  one  type  of  injury  and  its  successful  management  that  I  have 
thought  it  well  to  introduce  them  here. 

L.-Cpl.  M.  was  hit  with  shell,  Nov.  18,  1917.  Entry  wound  right  buttock  near  middle 
line.  On  admission,  pulse  120,  abdomen  rigid,  vomiting.  Radiography  showed  two  foreign 
bodies,  probably  in  bladder.  Laparotomy  :  no  intraperitoneal  injury  ;  peritoneal  cavity  closed  ; 
much  extravasation  of  blood  and  urine  round  bladder  ;  latter  opened,  and  two  large  pieces  ol 
metal  removed  ;  bladder  washed  out  with  saline  and  closed  ;  tube  to  space  of  Retzius  ;  foreign 
body  had  entered  just  to  left  of  urethral  orifice,  after  passing  through  left  lobe  of  prostate  ;  buttock 
wound  opened  >ip  ;  track  found  to  pass  through  anterior  and  posterior  walls  of  rectum.  Patient, 
unfit  for  further  operation  at  this  time,  sent  back  to  bed  and  catheter  passed  every  six  hours. 
Twenty-four  hours  later,  urine  found  leaking  per  anum  and  through  buttock  wound  ;  incision  in 
front  of  anus,  and  rectum  separated  from  urethra  ;  small  tube  inserted  into  track  and  stitched  in 
position.  .Five  days  later  tube  removed.  Twelve  days  after  operation,  all  urine  passed  per 
urcthram.  One  month  later,  patient  wrote  to  say  that  all  wounds  were  healed,  and  he  was  walking 
about  without  any  symptoms. 
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UNUNITED    FRACTURES    OF    THE    MANDIBLE; 
THEIR    INCIDENCE,    CAUSATION,    AND    TREATMENT.* 

By    PERCIVAL    P.    COLE.   London.- 

The  relative  incidence  of  ununited  fracture  of  the  mandible  as  compared  with  other  bones 
is  difficult  to  assess,  because,  so  far  as  I  am  aware,  no  published  figures  are  available. 
From  my  own  expjerience,  in  general  miUtar\'  as  well  as  in  jaw  surgery,  I  should  conclude 
that  non-union  occurred  more  frequently  in  the  lower  jaw  than  in  any  bone  of  the 
extremities.  Several  factors  determine  the  occurrence  of  this  higher  incidence :  a 
corresponding  degree  of  destruction  in  the  case  of  the  extremities  wovdd  frequently  lead 
to  amputation  ;  approximation  with  such  loss  of  tissue  as  would  give  a  good  result  in  the 
case  of  a  limb  would  result,  in  the  jaw,  in  such  deformity  and  hop>eless  loss  of  function 
as  to  render  this  procedure  impracticable  ;  the  superficial  areas  of  the  fractured  surfaces 
are,  particularly  in  some  situations,  small  as  compared  with  that  of  the  humerus, 
femur,  or  tibia. 

The  discussion  of  methods  adopted  in  the  ordinary'  routine  treatment  of  fractures  of 
the  mandible  is  outside  the  scoj)e  of  this  contribution.  This  point  is  to  be  emphasized,  in 
that  our  procedure  is  in  important  resjjects  at  variance  with  that  advocated  and  practised 
by  accredited  authorities,  both  in  this  country  and  abroad.  To  define  our  aims  is,  however, 
not  only  relevant  but  necessarj%  because  their  validity  is  intimately  associated  with  the 
question  of  non-union.  There  exist  two  schools  whose  views  on  this  subject  are  widely 
divergent.  The  one  maintains  that  bony  union  is  of  paramount  imjwrtance ;  that  correct 
alinement  is  incompatible  with  union  in  cases  associated  with  loss  of  substance ;  and  that 
therefore  deformity  of  varying  degree  must  not  only  be  tolerated,  but  deliberately 
produced,  to  the  end  that  bony  union  may  be  obtained.  The  other  school  is  equally  aUve 
to  the  importance  of  bony  union  ;  it  holds,  however,  that  correct  alinement  should  be 
determined  in  every  case,  and  strongly  deprecates  the  passive  acceptance  of  a  doctrine  of 
deformity  as  theoretically  unsound  and  practically  unnecessary'. 

It  is  to  be  noted  that  this  divergence  of  views  is  confined  to  the  type  of  fracture  associ- 
ated with  what  is  indefinitely  called  '  moderate  loss  of  substance.'  No  difference  of  opinion 
exists  with  regard  to  fractures  unassociated  with  loss  of  substance,  for  apart  from  details 
in  the  mode  of  treatment  the  question  of  the  ultimate  aim  obviously  does  not  arise. 
This  is  equally  true  in  the  case  of  fractures  associated  with  such  great  loss  that  any  attempt 
at  approximation  is  impossible  or  would  lead  to  hopeless  loss  of  function  and  extreme 
disfigurement. 

The  fundamental  principle  that  shapes  the  procedure  of  what  may  be  termed  the 
'  ideal '  school  is  the  restoration  of  the  normal  arch  and  the  maintenance  of  accurate 
occlusion.  It  is  on  these  lines  that  our  cases  have  been  treated  at  the  King  George 
Hospital.  Stress  of  work  has  at  times  forced  us  to  adopt  temporary'  expedients,  with 
unavoidable  lapse  from  planned  perfection.  Apart  from  these  failures,  negligible  both  in 
number  and  degree,  ever\'  patient  discharged  has  been  sent  out  with  a  normal  arch  and 
normal  occlusion.  The  figures  now  brought  forward  have  been  arrived  at  by  a  careful 
surv  ey  of  cases  treated  by  Mr.  C.  H.  Bubb  and  myself  at  the  King  George  Hospital.  The 
numbers  are  exclusive  of  cases  sent  to  us  for  plastic  repair  and  of  those  transferred  to  us 
from  other  sources  with  residual  non-union.  In  a  word,  they  are  patients  who  have  come 
imder  our  care  inunediately  or  soon  after  the  infliction  of  their  injurj'. 

*  Hunterian  Lecture  delivered  before  the  Royal  College  of  Surgeons  on  Feb.  8,  1918. 
VOL.    VI. — NO.   21.  6 
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We  have  thus  dealt  with  270  cases.  The  total  of  ununited  fractures  numbers  30,  or 
approximately  11  per  cent.  Of  the  30  cases,  the  possibility  of  union  in  12  was  absolutely- 
hopeless,  judged  by  no  matter  how  exacting  a  standard.  The  resulting  exclusive  figure  is 
therefore  approximately  7  per  cent.  I  maintain  that  these  figures,  apart  from  the  means 
at  our  disposal  for  the  rectification  of  non-imion,  are  ample  vindication  of  '  ideal '  aims. 
Our  adherence  to  these  aims  has  been  made  known  on  several  i)revious  occasions. 
Reasons  for  this  attitude  will  be  indicated  in  considering  the  causes  of  non-un  on. 

In  considering  causation,  the  constitutional  factor,  and  the  presence  of  undue  mobility, 
may  with  propriety  be  eliminated.     Non-union  is  then  due  to  : — 

1.  Primary  loss  of  substance. 

2.  Secondary  loss  of  substance  due  to  necrosis. 

3.  Interposition  of  muscle,  fascia,  or  other  connective  tissue. 

4.  Presence  of  a  central  sequestrum.  This  is  a  rare  cause  of  non-union.  There  may 
be  no  other  indication  suggesting  the  presence  of  a  sequestrum.  It  has  occurred  twice  in 
our  series.  In  one  case  non-union  persisted ;  in  the  other  apparently  firm  union  gave 
way  when  subjected  to    normal    stress. 

The  results  produced  by  one  or  other  of  the  first  three  causes  are  (1)  fibrous  union, 
(2)  pseudo-arthrosis.  Pseudo-arthrosis  entails  bony  contact,  with  the  formation  of  a  true 
false  joint,  with  surrounding  adventitious  capsule.  I  have  only  once  seen  anything 
approaching  this  condition,  and  for  practical  purposes  it  may  be  ignored. 

Consideration  may  reasonably,  then,  be  confined  to  the  causation  and  nature  of  fibrous 
union.  In  comparing  the  repair  of  bone  with  that  of  other  specialized  connective  tissues, 
one  striking  fact  emerges.  Bone  differs  from  all  other  connective  tissues  in  this  important 
respect,  that  solution  of  its  continuity  is  made  good  by  the  formation  of  a  cementing 
substance  which  exactly  reproduces  its  own  structure.  In  the  case  of  other  tissues, 
irrespective  of  their  nature,  the  bond  of  union  is  fibrous  tissue.  It  is  here  maintained  that 
the  converse  holds  true — that  the  presence  of  fibrous  tissue  is  clear  evidence  that  the 
reparative  process  has  been  determined  as  a  result  of  the  reaction  to  injury  of  tissues  other 
than  bone.  We  are  not  here  concerned  with  extraordinary  examples  of  metaplasia,  but 
with  the  ordinary  routine  phenomena  that  occur  in  the  repair  of  connective  tissue. 

Viewed  in  this  light,  the  name  'fibrous  union,'  as  referring  to  bone,  is  a  gross  misnomer. 
It  is  a  name  given  to  a  condition  in  which  union  of  bone  has  been  prevented  by  the  inter- 
position of  the  reparative  products  of  surrounding  extraneous  connective  tissues,  or  of 
these  tissues  themselves.  As  will  be  shown  later,  periosteum  itself  is  included  in  those 
tissues  the  interposition  of  which  constitutes  the  factor  preventing  union.  It  will  be 
corroborative  and  advantageous  to  examine  this  view  in  the  light  of  clinical  and  experi- 
mental data  relating  to  the  behaviour  of  fractures  under  varying  conditions.  The  only 
established  limit  to  the  growth  of  bone  is  that  which  is  determined  by  the  satisfaction  of 
functional  demands.  Bone  will  be  laid  down  until  equilibrium  is  established  between 
functional  liabilities  and  assets.  This  jjotential  power  of  repair  by  growth  has  long  been 
recognized.  It  has  found  expression  in  many  ways,  among  which  may  be  mentioned  "  the-- 
crj'stallization  of  the  lines  of  force,"  in  the  picturesque  phraseology  of  Sir  Arbuthnot 
Lane,  or  the  law   of  adaptation  to   function,  as  laid  down  by  Wolff  and  Roux. 

It  may  then  be  safely  assumed  that  in  the  ordinary  healthy  individual  bone  possesses 
sufTicient  regenerative  power  to  make  good  any  defect  caused  by  injury,  provided  that  the 
conditions  are  such  as  to  give  the  best  possible  effect  to  factors  which  favour  the  process 
of  regeneration.     These  are  considered  to  be  : — 

1.  Prevention  of  interposition. 

2.  Restoration  or  preservation  of  that  stress  which  is  the  normal  stimulus  to  the 
growth  of  bone. 

It  is  contended  that  the  determination  of  bony  union  depends  upon  these  factors, 
and  that  the  successful  treatment  of  non-union  is  only  attained  by  measures  designed  to 
ensure. their  effective  application. 

A  review  of  the  fate  of  fractures  associated  or  not  with  loss  of  substance  will  serve  to 
determine  the  truth  or  otherwise  of  this  contention.     In  the  case  of  the  ordinary  fracture 
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without  loss  of  substance  and  with  Uttle  or  no  displacement,  both  conditions  are  detennined 
by  the  contact  of  the  bony  fragments,  and  this  without  regard  to  the  role  of  the  periosteal 
sheath.  In  such  a  case  bony  union  may  confidently  be  expected.  Should,  however, 
lateral  displacement  occur  so  that  the  ends  of  the  fragments  overlap,  union  or  otherwise 
will  depend  on  the  conduct  of  the  periosteum.  If  this  strips  readily,  the  displacement  will 
take  place  within  an  intact  periosteal  sleeve  or  bridge,  and  union  will  occur  with  consider- 
able deformity.  Should,  however,  the  periosteimi  be  densely  adlierent  to  one  or  other 
fragment,  it  will  tear  instead  of  strip,  and  so  accompany  that  fragment  in  its  excursion 
to  the  position  of  displacement.  In  this  situation  it  will — together  perhaps  with  any 
muscle  fibres  attached  to  it — become  an  interposing  agent,  and  thus  prevent  union.  Tlvis 
interposing  action  of  the  periosteum  is  in  full  accord  with  the  role  assigned  to  it  by 
Macewen,  and  later  confirmed  by  Hey  Groves,  as  being  essentially  a  limiting  membrane 
to  bone. 

Such  interpKJsition  is  of  particular  importance  in  that  it  accounts  for  the  occurrence 
of  many  cases  of  non-union  of  fractures  of  the  mandible  without  any,  or  with  but  little, 
loss  of  substance.  The  facts  as 
here  cited  have  been  verified  by 
direct  inspjection  of  cases  treated 
for  non  -  union  by  of)erative 
measures.  A  large  proportion 
of  cases  of  non-union  occur  in 
the  neighbourhood  of  the  angle, 

immediately    in     front     of     the        ^H^^j«  ' 

attachment  of  the  masseter,  the  ^     ■ — ^—  \       ■''^''  ^ 

facial  vessels  being  in  intimate 
proximity.  The  posterior  frag- 
ment    is     always     much     more 

difficult  to  expose  and  clear  than  is  the  anterior.  This  is  partly  due  to  the  presence  of 
the  masseter,  and  partly  to  the  greater  depth  of  the  fragment  ;  but  also  to  the  fact  that 
whereas  the  periosteum  on  the  anterior  fragment  strips  easily,  that  on  the  posterior  frag- 
ment is  densely  adherent,  particularly  along  the  lower  margin  of  the  jaw.  I  have  been 
able  to  obser\'e  on  several  occasions  that  though  there  Iiad  been  no  loss  of  substance — in 
some  cases  even  an  overlap — the  posterior  fragment  with  its  attached  periosteum  and 
masseter  had  been  carried  inwards,  thus  determining  interposition,  with  resulting  'fibrous 
union.'     This  condition  is  illustrated  in  Fig.  25. 

Reverting  to  the  question  of  contact,  it  will  be  obvious  that  a  broad  area  of  contact 
will  not  be  necessarj'  to  prevent  connective-tissue  junction  between  the  fractured  ends, 
and  that  a  very  Umited  contact  should  be  sufficient  on  theoretical  grounds  to  determine 
firm  bony  union.  This  limited  contact  has,  indeed,  been  found  practically  to  suffice,  a 
fact  which  has  been  particularly  emphasized  by  Sir  W.  Arbuthnot  Lane  in  a  recent  contri- 
bution on  the  operative  treatment  of  fractures  in  war  time. 

The  question  of  union  in  fractures  associated  with  loss  of  substance  dej)ends  on  the 
amount  of  loss,  the  condition  of  the  periosteal  sheath,  and  the  presence  of  comminuted 
bone  fragments. 

Clinically,  primary  loss  of  substance  cannot  occur  with  the  periosteal  sheath  intact. 
Experimentally,     Hey     Groves     has    shown   that,   with    a    section    of    the    whole    bone 

removed  and  periosteal  sheath  intact,  union 
—  s^^-,  :/>  =^      rarelv  occurs,  and  is  then  due  to  the  presence 

}-^.4^/^^^^£ihi&Z^&^%^^^-^  of  bone   cells  adherent  to  the   membrane   and 

fCfuosTEUfi ,         ^^  Bofve:  dctachcd    with    it     by    deep    stripping.      It    is 

j.j^.   .,j.  suggested  that  in  the  cases  with  non-union,  the 

periostemn  played  the  part  of  ordinary  connec- 
tive tissue,  prolapsed  into  the  gap  and  united  therein  {Fig.  26).  In  the  cases  with 
union,  the  periosteum  per  se  played  the  part  of  excluding  cormective-tissue  invasion  ftx>m 
the  exterior  while  the  bone-forming  elements  on  its  inner  surface  proliferated.     Bony 
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contact  there  unquestionably  was  not.  Continuity  of  bone-forming  dements,  with 
exclusion  of  alien  activity,  there  certainly  was.  The  beneficent  part  performed  by  the 
periosteum  in  the  union  of  fractures  is  more  frequently  that  of  a  membrane  limiting  and 
excluding  connective  tissues  than  a  membrane  limiting  and  including  bone. 

That  bony  union  may  occur  with  considerable  loss  of  substance,  not  only  in  the 
mandible  but  in  other  bones,  is  clinically  established  beyond  all  doubt.  In  the  mandible, 
cases  have  been  cited  by  Stephens,  Doubleday,  and  others,  and  many  of  our  own  cases 
establish  the  same  fact.  These  may  well  be  explained  by  the  excluding  disposition  of 
the  periosteum  on  the  one  hand,  and  by  continuity  of  bone-forming  elements  attached 

to  the   periosteum   on   the    other.     The    bone- 

-^j-^  forming  elements   may   be   such   as  to  give  no 

f^^^^^'^^^f^/^^1^^^  x-ray  evidence  of  their  presence,  or  may  exist 

r ''^'^%S.  J  in  the  form  of  demonstrable  comminuted  frag- 

pjg  .,-  ments.    The  condition  may  be  diagrammatically 

represented  as  in  Fig.  27.  As  Sebileau  has  so 
pertinently  observed :  "  I  have  seen  apparently  straightforward  fractures,  particularly  at 
the  symphysis  and  at  the  angle,  preserve  their  original  mobility  for  many  months — some 
of  them,  in  fact,  did  not  consolidate  ;  and,  on  the  other  hand,  fractures  with  widely- 
separated  fragments  cicatrize  by  means  of  thick  and  resistant  bridges  of  osteo-fibrous 
tissue  in  a  few  weeks." 

It  is  because  union  cannot  be  guaranteed  where  no  substance  has  been  lost,  because, 
conversely,  union  does  not  necessarily  fail  where  loss  of  substance  is  considerable,  and 
because  the  vast  majority  of  war  fractures  of  the  mandible  do  not  exhibit  clean-cut  loss, 
but  rather  a  condition  of  extreme  comminution,  that  we  have  from  the  first  espoused 
and  rigorously  carried  out  the  '  ideal  '  treatment. 

Comminution  has  an  important  bearing  on  union.  Clinically,  it  is  established  that 
such  fractures,  even  when  compound,  unite  in  a  manner  that  is  surprising,  both  as 
regards  firmness  and  rapidity.  Hey  Groves,  in  his  experimental  work,  has  demonstrated 
this  fact,  and  made  it  the  subject  of  express  comment. 

The  remedial  measures  undertaken  to  combat  non-union  show  clearly  how  predomi- 
nant are  the  factors  previously  cited.  Vigorous  friction  of  the  bone  ends  upon  one  another 
is  a  proceeding  of  classical  antiquity,  and  is  frequently  attended  by  successful  results. 
Success  is  attained  in  a  two-fold  manner.  First,  the  fibrous  junction  between  the  bone 
ends  is  broken  down  by  mechanical  force  ;  secondly,  the  real  traumatic  contact  of  the 
bone  ends  thus  brought  about  stimulates  proliferation  of  bone-forming  elements.  The 
narrowest  bony  union  thus  established  is  increased  by  growth,  naturally  evolved  in 
response  to  functional  demands.  It  is  obvious  that  full  reconstitution  in  such  a  case 
is  a  matter  of  time,  and  it  is  probable  that  many  cases  of  so-called  delayed  union  are 
capable  of  explanation  on  the  lines  indicated.  Remedial  measures,  however,  of  this 
nature  can  be  effectual  only  where  loss  of  bone  is  small  and  fibrous  interposition  corres- 
Dondingly  limited. 

Where  loss  is  considerable,  the  only  method  hitherto  available  whereby  bony  con- 
tinuity without  deformity  can  be  established  is  by  a  bone  graft.  In  view  of  the  ease 
with  which  an  autoplastic  graft  can  be  obtained,  and  its  superiority  as  demonstrated  both 
exjjcri mentally  and  clinically,  it  will  be  unnecessary  to  consider  grafts  of  the  homoplastic 
or  heteroplastic  variety.  That  bone-grafting  is  established  as  a  successful  clinical  pro- 
ceeding there  can  be  no  doubt.  This  being  so,  it  will  be  pertinent  to  determine  what  are 
or  are  not  the  essential  physical  properties  of  the  graft  that  make  for  success.  That  this 
does  not  depend  on  the  presumed  vitality  of  the  tissue  utilized  is  clearly  demonstrated 
by  the  work  of  Hey  Groves  and  Albee.  Hey  Groves  has  testified  to  the  fact  that  results 
similar  in  nature,  and  differing  only  in  degree,  can  be  obtained  by  the  use  of  boiled  bone. 
He  goes  so  far  as  to  maintain  that  "  a  graft  of  dead  bone  (boiled),  properly  fixed  by  metal 
sutures,  will  give  a  better  result  than  a  living  autogenous  graft  fixed  by  catgut  alone." 
Albee  has  successfully  utilized  grafts  from  bone  kept  in  cold  storage. 

A  great  deal  has  been  talked  and  written  about  the  re-establishment  on  the  part  of 
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the  graft  of  what  is  loosely  called  'fresh  vascular  connections.'  If  this  means  anji:hing, 
it  means  that  through  the  original  vascular  channels  of  the  graft  blood  derived  from 
neighbouring  vessels  circulates  anew  ;  that  the  graft  is  nourished  by  such  circulation 
in  precisely  the  same  way  as  before  its  original  vascular  connections  were  severed ; 
and  that  it  is  as  a  result  enabled  to  preserve  its  indi\idual  characters  as  a  li\Tng 
active  entity. 

Considerable  light  is  thrown  on  this  question  by  consideration  of  the  fate  of  free  bone- 
grafts  embedded  in  vascular  tissues,  by  the  results  obtained  on  endeavouring  to  transplant 
a  bony  implant,  and  by  the  behaviour  of  free  grafts  of  other  connective  tissues  when  used 
to  remedy  such  defects  as  depressed  scars.  It  has  been  established  beyond  cavil  that  the 
fate  of  free  bone  implanted  into  soft  tissues,  no  matter  how  yascular,  is  gradual  absorption 
(Phemister,  Davis,  McWilliams).  A  deliberate  and  conscientious  attempt  has  been  maide 
by  Imbert  and  Real  to  remedy  bony  defects  in  the  mandible  by  transplanting  into  the 
gap  sections  of  bone  previously  implanted  in  the  neighbouring  soft  tissues.  Such  attempts 
were  made  with  the  idea  that  the  graft  would  be  more  likely  to  succeed  after  its  nutrition 
had  been  definitely  determined  by  the  establishment  of  fresh  vascular  connections.  They 
found,  however,  that  transplantation  had  to  be  undertaken  in  not  more  than  three  or 
four  weeks.  If  longer  time  elapsed,  the  graft  was  found  to  be  so  softened  that  effective 
fixation  could  not  be  attained.  In  all  cases,  the  result  as  regards  bony  union  was  a 
complete  failure. 

A  similar  initial  attempt  of  my  own  may  be  cited,  undertaken  at  a  time  when  my 
ideas  on  the  subject  were  befogged  by  misapprehension,  undoubtedly  begotten  of  the 
loose  phraseology  employed.  About  eighteen  months  ago  it  occurred  to  me  that  trans- 
plantation of  an  implant  would  not  only  solve  the  problem  associated  with  many  bony 
defects  with  coincident  loss  of  soft  parts,  but  would  permit  plastic  operation  and  bone- 
grafting  to  be  undertaken  at  the  same  time.  To  this  end  a  large  section  of  the  crest  of  the 
ilium,  measuring  twelve  centimetres  in  length,  was  implanted  in  the  neck  of  a  patient 
whose  chin  had  been  shot  away  together  with  the  greater  part  of  the  body  of  the  jaw. 
Owing  to  a  severe  haematemesis  from  which  the  patient  nearly  died,  further  operation 
was  indefinitely  postjwned.  Originally  the  bony  mass  formed  a  prominent  projection  in 
the  neck.  Its  removal  was  decided  upon  owing  to  its  marked  and  progressive  diminution 
in  size,  and  when  removed  a  few  weeks  ago  it  was  found  to  be,  at  most,  one-fifth  of  its 
original  bulk. 

Further  light  is  shed  upjon  this  question  of  vascularity  by  observations  as  to  the  fate 
of  free  transplants  of  other  connective  tissues  utilized  to  make  good  defects  of  the  soft 
parts.  This  measure  is  one  that  clinical  experience  has  shown  to  be  successful.  I  first 
employed  musculo-fascial  grafts  as  a  means  of  filling  out  deforming  depressions  on  the 
face.  Fat  grafts  have  been  used  in  the  same  way.  Acting  on  the  false  assumption,  as  I 
now  hold,  that  these  grafts  established  fresh  vascular  connections,  it  seemed  reasonable 
to  suppose  that  a  small  area  of  skin  might  be  included  in  addition  to  the  fatty  and 
aponeurotic  tissues.  If  structures  on  which  skin  depends  for  its  nutrition  were  included, 
and  if  such  structures  became  vascularized  from  the  bed  in  which  they  were  implanted, 
then  surely  the  skin  should  live.  The  time  factor  was  considered,  but  the  hardihood  of 
skin  is  notorious  :  the  growth,  even,  of  hair  long  after  body  death  has  occurred  is  testi- 
mony to  this  effect.  The  result  was  curious.  For  the  first  few  days,  except  that  the 
implanted  skin  was  somewhat  blue,  all  seemed  well.  This  blue  tinge  is  frequently  seen  in 
pedicled  flaps,  and  was  not,  therefore,  regarded  as  of  specific  importance.  Gradually  the 
blue  deepened,  a  curious  'bogginess"  became  apparent  on  palpation,  and  finally  the  whole 
area  became  black,  but  no  suppuration  occurred.  The  whole  mass  was  firmly  held,  the 
outer  surface  quite  drv^.  Shrinkage  gradually  occiured,  but  there  was  no-  attempt  at 
exfoliation.  It  was  evident  that  in  this  case  there  had  been  no  establishment  of  fresh 
vascular  connections,  and  in  the  light  of  it  other  cases  were  examined  more  carefiiUy. 
It  was  found  that  shrinkage  had  occurred,  and  that  the  area  at  the  site  of  implant  had 
assumed  a  hard  inelastic  consistency  quite  foreign  to  the  substances  implanted.  It  was 
impossible  to  conclude  otherwise  than  that  these  free  implants  had  been  absorbed  and 
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replaced.     To  what  extent,  if  any,  cellular  proliferation  had  taken  place  in  tlie  graft,  it 
was  nnpossible  to  determine,  but  the  ultimate  result  appeared  certain. 

Consideration  of  the  results  obtained  by  the  use  of  free  transplants  of  soft  tissues  leads 
then  to  the  conclusion  that  these  are  absorbed  and  replaced,  a  view  confirmed  in  the  case 
of  muscle  by  Serafini.  Additional  evidence  is  afforded  by  the  fact  that  results  equally 
successful  have  been  obtained  by  the  use  of  decalcified  bone.  The  use  of  this  devitalized 
absorbable  material  in  the  plastic  surgery  of  the  soft  parts  is  exactly  comparable  to  the 
use  of  boiled  bone  to  remedy  a  bony  defect  Bone,  then,  behaves  like  other  vascular 
connective  tissues,  and  shares  a  like  fate  when  transplanted  into  the  soft  parts.  The 
cutting  off  of  the  blood-supply  to  such  tissues  leads  to  death  in  mass  of  the  part  affected. 
Death  so  occasioned  rarely  occurs  in  the  body  apart  from  septic  i)rocesses,  or  occurs  in 
such  situations  as  lead  at  once  to  the  introduction  of  septic  factors.  The  only  instance 
analogous  to  the  condition  of  a  free  aseptic  graft  is  that  of  infarction.  Adami  thus 
describes  the  resulting  processes  :  "  The  central  dead  area  becomes  the  seat  of  a  progressive 
formation  of  granulation  tissue.  New  capillaries  pass  in  from  the  surrounding  vessels  and 
become  clothed  with  fibroblasts  until  a  new  connective  tissue  completely  replaces  the 
dead  tissue,  and  then,  after  the  nature  of  new  connective  tissue,  undergoes  pronounced 
contraction,  so  that  the  end-result  is  the  production  of  a  dense  depressed  scar  of 
firm  connective  tissue." 

It  is  contended,  therefore,  that  the  establishment  of  fresh  vascular  connections  is 
invariably  determined  as  the  result  of  an  inflammatory  interaction  between  tissues  them- 
selves possessed  of  active  circulation.  Bleeding  has  been  noticed  on  section  of  a  free 
bone  graft  when  exposed  some  time  after  implantation ;  injection  of  the  limb  has 
succeeded  in  showing  in  an  inserted  bone  graft  vascular  channels  obviously  derived  from 
the  systemic  circulation.  This  blood  and  these  blood-vessels  are,  it  is  maintained,  derived 
from  and  confined  to  the  invading  tissues.  Obviously  there  is  a  profound  difference 
between  vascularization  by  invasion  and  vascularization  by  intercommunication. 

That  a  fractured  graft  has  shown  evidence  of  union  by  bony  callus  is  brought  forward 
as  incontrovertible  proof  of  the  vitality  of  that  structure — proof,  in  other  words,  of  vascu- 
larization by  intercommunication.  This  phenomenon 
is,  however,  susceptible  of  quite  another  explanation. 
Invasion  from  the  freshened  bone  end  would  occur, 
as  diagrammatically  shown  in  the  upper  diagram 
in  Fig.  28.  Fracture  of  the  graft  will  liberate  these 
invading  elements,  as  shown  in  the  lower  diagram. 
Callus  will  be  formed  from  the  liberated  contents  of 
the  graft,  and  not  at  all  from  the  graft  itself. 

But,  such  happenings  duly  considered,  there  remains 
the  fact  that  bony  continuity  can  be  determined  by 
means  of  a  bone  graft,  provided  the  graft  is  in  suitable  contact  with  the  separated  ends 
of  the  fragments.  Davis  has  shown,  however,  that  if  one  end  only  of  the  graft  is  m~ 
contact  with  living  bone,  the  same  result  ensues  as  if  no  such  contact  was  established. 
A  bone  graft  only  succeeds  in  determining  the  growth  of  bone  when  it  is  in  intimate 
contact  at  each  end  with  living  bone,  a  structure  the  inflammatory  products  of  which 
have  the  specialized  function  of  reproducing  a  like  tissue  from  which  they  emanated, 
as  previously  noted. 

It  is  this  intimate  contact  with  living  bone  which  dominates  the  whole  field  of  bone- 
graft  surgery ;  it  favours  invasion  of  the  graft  by  bone-forming  elements  derived  from  the 
living  mother  bone,  and  at  the  same  time  restores  to  the  separated  ends  that  stress  which 
is  the  natural  stimulus  to  the  proliferation  of  such  elements.  Osteogenesis  is  favoured  by  the 
stress  imparted  by  the  graft  to  the  mother  bone,  and  not  by  that  imparted  by  the  mother 
bone  to  the  graft.  This  view  is  alone  reconcilable  with  the  known  fate  of  a  graft  implanted 
in  soft  tissues  only.  To  reason  that  in  the  latter  case  atrophy  takes  place  because  the 
eraft  is  functionless,  implies  a  prescience  on  the  part  of  that  structure  that  the  most  rabid 
teleologist  would  hesitate  to  invoke.     It  would  appear  that  bony  continuity  is  established 
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by  a  process  aptly  termed  'creeping  substitution,'  and  it  is  tentatively  suggested  that  this 
process  is  somewhat  analogous  to  that  which  occurs  in  the  regeneration  of  nerve  fibres 
following  suture  of  a  di\ided  peripheral  ner\-e.  As  regards  the  relation  of  the  graft  to  the 
soft  parts,  it  may  be  safely  deduced  from  what  has  pre^^ousIy  been  stated,  that  the  bone 
graft  succeeds  not  because  of  any  action  of  the  soft  parts  upon  it,  but  because  of  its  action 
upon  them.  In  other  words,  it  prevents  by  continuity  of  mass  the  junction  and 
organization  of  connective-tissue  products  in  the  gap.  That  continuity  of  mass  is  essential 
to  success  is  shown  by  the  fact  that  the  insertion  of  fragmented  bone  does  not  determine 
union.  This  has  been  experimentally  demonstrated  by  Hey  Groves,  who  expressed 
surprise  at  the  negative  result  obtained.  Bone  dust  was  found  to  be  even  more  ineffectual. 
These  findings  are  completely  at  variance  with  the  vascular  theory-,  confirmatorj-  evidence 
of  the  truth  of  which  would  have  been  afforded  by  an  exactly  opposite  result ;  smaller 
fragments  must  obviously  be  more  easily  vascularized  than  large. 

It  is  clear  that  the  introduction  of  such  a  devascularized  body  as  a  free  bone 
graft  into  a  septic  environment  will  probably  lead  to  its  extrusion  as  a  septic  sequestrum. 
The  first  essential  of  the  soft  connective-tissue  bed  is,  therefore,  that  it  shall  be  free  from 
frank  or  concealed  sepsis.  All  that  is  required  in  addition  is  that  the  tissues  shaU  be 
sufficiently  pliable  to  permit  nice  adaptation  of  the  graft,  and  sufficiently  well  nourished 
to  maintain  their  \itality  when  sutured,  and  thus  prevent  the  introduction  of  sepsis 
from  without. 

The  bone  graft,  then,  succeeds  because  it  is  permeable  and  absorbable  ;  because  it  is 
enabled  by  continuity  of  mass  to  prevent  organization  of  non-bone-forming  connective 
tissues  in  the  gap  ;  and  because  it  restores  the  stimulus  of  stress  to  the  separated  bone 
ends  by  virtue  of  its  solidity.  It  succeeds,  in  a  word,  by  establishing  exactly  those 
conditions  which  have  been  shown  to  be  necessarj-  for  union  in  the  case  of  all  fractures, 
with  or  without  displacement  or  loss  of  substance. 

No  mention  has  been  made  of  the  periosteum,  because  the  presence  of  this  membrane 
is  not  essential  to  the  success  of  a  gf»ft.  Davis,  in  the  course  of  an  experimental  investi- 
gation to  determine  the  relative  permanence  of  free  transplants  of  cartilage  and  bone, 
found  that  bone  covered  with  periosteum  was  absorbed  much  more  slowly  than  when 
stripped  of  this  membrane.  It  would  appear  that  periosteum  included  in  a  free  trans- 
plant opposes  an  additional  barrier  to  connective-tissue  invasion,  and  with  that  \'iew  its 
preserN'ation  is  indicated. 

The  attainment  of  union  is  undoubtedly  important  in  so  far  as  it  fulfils  a  fimctional 
demand.  There  is,  however,  no  academic  \irtuc  in  union  apart  from  this,  and  therefore 
the  ultimate  and  only  test  should  be  a  functional  one  :  in  the  case  of  the  mandible,  the 
patient's  ability  to  masticate  ordinary-  foods.  Jt-ray  photographs  will  not  supply  this 
necessary  information.  Indeed,  subjective  must  take  precedence  of  objective  signs, 
though  the  latter  may  determine  a  strong  prima  facie  case.  It  is  precisely  this  personal 
factor  that  renders  the  measure  of  functional  disabiUty  so  difficult  to  estimate.  That 
non-union,  used  in  the  strict  sense  of  the  term,  is  not  incompatible  with  perfect  function 
is  as  certain  as  that  in  some  cases  of  ob\iously  sound  bony  union  the  ability  to  masticate 
hard  foodstuffs  is  denied.  Functional  disability  varies  according  to  the  site  of  the  fracture. 
In  the  ascending  ramus,  the  nearer  the  fracture  to  the  condyle  the  less  is  the  disability 
occasioned.  Complete  loss  of  the  ascending  ramus  .properly  treated,  gives  rise  to  no 
functional  disability  whatever,  as  is  evidenced  by  a  case  at  one  time  under  my  care  and 
now  discharged.  In  the  horizontal  ramus,  the  disability  increases  the  nearer  the  site  of 
fracture  approaches  the  symphysis.  In  general  terms  it  may  be  stated  that  if  both  the 
masseters  maintain  attachment  to  one  fragment,  disability  is  relatively  sUght. 

This  functional  estimate  is  ob^^ously  of  importance  from  the  p>oint  of  view  of  treatment. 
It  will  be  the  deciding  factor  in  determining  the  advisability  of  endeavouring  by  of>en 
oi>eration  to  make  good  the  fimctional  defect.  The  extent  of  the  functional  defect  and 
the  improvement  likely  to  follow  operation  should  be  duly  considered.  The  operative 
result  would  appear  to  be  somewhat  of  an  unknown  quantity.  This  is  due  partly  to  the 
distrust  of   such    procedures   which   many  dental   surgeons  display,  and  partly   to   the 
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detached  attitude  sometimes  assumed  by  surgeons  in  charge  of  such  cases.  The  attitude 
of  the  surgeon  fosters  the  distrust  of  tlie  dentist,  wlio  tends  to  adopt  ultra-conservative 
measures,  content  to  suffer  present  ill  rather  than  adventure  worse  to  follow.  Progress  in 
this,  as  in  many  other,  issues  associated  with  war  injuries  of  the  jaw  and  face,  has  been 
retarded  by  lack  of  proper  collaboration  between  surgeon  and  dentist. 

An  endeavour  will  be  made  to  present  a  fair,  unbiassed  account  of  cases  of  non-union 
coming  under  the  joint  care  of  my  dental  colleague,  Mr.  C.  H.  Bubb,  and  myself.  The 
methods  employed  have  been  as  follows  : — 

1.  Plating. — -(«)  Plating   alone;   (b)  Plating   with   interposition   of  fragmented    bone. 
Two  cases  have  been  dealt  with,  the  lesion  in  both  being  non-union  of  a  fracture  of 

the  ascending  ramus.  In  the  one  case  there  was  but  little  loss  of  substance;  in  the  other 
the  gap,  after  trimming  the  bone  ends,  was  one  and  a  half  centimetres.  Both  cases 
were  splinted,  and  no  attempt  was  made  to  establish  contact. 

In  the  first  case,  a  two-holed  silver  plate  was  used.  The  operation  was  done  on 
March  9,  1917.  The  plate  has  not  been  removed,  and  gives  no  trouble.  The  use  of  a  two- 
holed  plate  was  mechanically  unsound.  Functionally,  the  patient  is  greatly  improved. 
Seen  on  Nov.  2,  he  stated  that  he  could  eat  crust  if  not  too  hard,  and  meat  if  not  gristly. 
Partial  success  only  is  claimed  for  this  case. 

In  the  second  case,  a  four-holed  silver  plate  was  used,  the  gap  being  strewn  with 
bone  fragments  detached  from  the  angle  of  the  jaw.  The  plate  was  removed,  not  because 
it  gave  trouble,  but  because  it  was  hoped  that  further  consolidation  might  occur.  As 
regards  union,  this  case  is  a  complete  failure.  Functionally,  his  occlusion  is  perfect  (he 
has  an  almost  complete  set  of  teeth)  ;  there  is  little  or  no  deviation  on  opening  the  mouth  ; 
his  direct  bite  is  powerful  ;   but  the  grinding  movement  is  considerably  impaired. 

Plating  has  a  very  small  sphere  of  usefulness  in  ununited  fractures  of  the  mandible, 
owing  to  the  fact  that  necessary  contact  cannot  be  secured  without  traction.  Wire  is 
difficult  to  use  with  fractures  of  the  ascending  ramus,  owing  to  the  fact  that  the  deep 
aspect  of  the  fragments  is  so  inaccessible.  It  is  an  open  question  whether  fractures  at  or 
above  the  middle  of  the  ramus  are  not  better  left  alone.  If  operation  is  decided  on,  a 
bone  graft  should  be  used  if  the  defect  is  considerable.  If  the  defect  is  very  small,  contact 
should  be  established  by  the  plate-wire  method  described  later. 

2.  Wiring. — (a)  Buccal  cavity  opened  ;    (b)  Buccal  cavity  not  entered. 
It   sometimes  happens    that   in 

cases  of  old  mal-union  with  con- 
siderable deformity,  the  only  possi- 
ble   method    of    dealing    with    the 
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Fig.  29. 

fragments  is  to  wire  them  immedi- 
ately. The  mouth  cavity  is  neces- 
sarily opened  in  the  course  of 
reduction,    but   the  risk  in  such  a  j^^   3^, 

case  is  worth   taking.     Only    once, 

in  my  experience,  has  such  a  course  been  necessary.    The  wire  was  removed  subsequently. 
The  functional  result  is  perfect. 
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Cases  suitable  for  wiring  by  the  ordinary  aseptic  technique  are  those  in  which  there 
is  little  or  no  loss  of  substance.  As  has  been  pointed  out,  these  fractures  occur  in  the 
neighbourhood  of  the  angle.  The  posterior  fragment  is  left  free.  The  anterior  fragment, 
if  not  edentulous,  is  splinted  in  correct  alinement.  >\Tien  the  lower  jaw  is  edentulous  no 
splint  is  used.  Cases  have  been  treated  in  this  way  with  consistent  success.  Where  wiring 
is  practicable,  success  may  reasonably  be  regarded  as  certain.  The  difficulty  in  wiring 
is  to  avoid  opening  the  mouth  while  clearing  the  deep  aspect  of  the  fragments  to  permit 
the  passage  of  drill  and  wire.  I  have  lately  de\ised  and  used  a  combined  plate  and  wire 
method,  the  mode  of  application  of  which  is  illustrated  in  Fig.  29.  The  plates  are  first 
screwed  into  the  fragments.  The  wire  is  then  passed  under  their  upturned  outer  ends. 
Traction  on  the  wire  brings  the  fragments  into  contact,  and  the  wire  is  then  twisted. 
Fig.  30  shows  the  plates  and  wire  in  situ. 

3.  Bone-Grafting. — (a)  Free  autoplastic  graft  ;   (6)  Pedicled  graft. 

The  position  of  the  bone  graft  is  the  most  vexed  of  all  the  problems  associated  with 
fractures  of  the  mandible.  Little  enough  has  been  written  as  to  the  success  attending 
the  use  of  bone  grafts  to  remedy  defects  in  the  long  bones.  Still  smaller  are  the  available 
data  with  regard  to  its  application  to  the  mandible.  Albee  claims  100  per  cent  of  successes, 
but  his  work  is  largely  concerned  with  the  treatment  of  recent  fractures  and  the  correc- 
tion of  spinal  deformity.  It  is  quite  certain  that  nothing  like  this  projwrtion  of  successes 
can  be  claimed  when  the  object  in  view  is  the  reconstitution  of  a  bone  which  has  suffered 
loss  invoking  its  whole  thickness.  As  regards  the  mandible,  the  scantiness  of  effort,  or 
at  least  the  scantiness  of  success,  may  be  judged  by  consulting  the  records  of  recent  meet- 
ings. At  the  annual  meeting  of  the  British  Dental  Association  in  London,  June,  1916, 
a  sf>ecial  session  was  set  apart  for  the  consideration  of  this  subject.  Xo  opening  paper 
was  read,  because  no  one  could  be  found  willing  to  undertake  the  task.  At  the  Medical 
Society  of  London,  in  December,  1917,  the  question  was  dealt  with  in  a  general  way  by 
Captain  Kelsey  Frj-,  but  no  details  were  given  such  as  might  lead  to  the  estimate  of 
results.  This  is  scarcely  to  be  wondered  at  when  it  is  considered  that  only  three  or  four 
out  of  one  hundred  cases  with  fractured  mandibles  either  demand  or  are  suitable  for  a 
bone  graft,  and  also  that  months  must  elapse  before  the  final  result  can  be  estimated. 
Eve  reported  five  cases  without  indicating  the  results  obtained.  McWilliams,  reporting 
six  cases,  urges  that  rei)eated  operations  may  be  required,  and  should  be  {>ersisted  in  till 
the  desired  result  is  attained  ;  with  that  \iew  I  heartily  agree.  Lindemann  has  published 
a  series  numbering  no  less  than  282  ;  this  colossal  contribution  suggests  that  the  writer 
must  have  access  to  an  enormous  number  of  patients,  or  that  the  percentage  of  non- 
union must  be  ver\'  high.  So  extensive  is  the  ground  covered,  and  such  is  the  time 
required  to  treat  effectively  the  numerous  lesions  grouped  under  the  heading  of  war 
injuries  to  the  face  and  jaws,  that  concentration  as  regards  cases  of  non-union  might 
well  be  resorted  to  with  good  results. 

There  are  certain  peculiar  difficulties  associated  with  grafting  in  fractures  of  the 
mandible.  The  exposure  of  the  fragments  is  always  attended  with  a  certain  danger  of 
opening  the  mouth.  This  danger  is,  I  think,  exaggerated.  It  has  only  happened  to  me 
once,  and  the  operation  was  then  promptly  abandoned.  The  relatively  small  size  of  the 
bone,  especially  in  old  fractures,  and  the  necessarily  restricted  area  in  which  to  work,  are 
difficulties  much  more  formidable.  Elaborate  dovetailing  is  practically  impossible,  and 
I  feel  sure  that  people  who  reproduce  diagrams  illustrating  such  a  procedure  can  never 
have  attempted  the  operation  on  the  li^^ng  subject. 

The  necessity  for  the  employment  of  a  free  graft  presupposes  loss  of  tissue  of  some 
extent.  Such  loss  is  frequently  associated  with  coincident  damage  to  the  soft  parts,  with 
the  formation  of  a  buccal  fistula  of  varying  dimensions.  The  possibility  that  a  graft  may 
be  required  must  be  borne  in  mind  from  the  time  treatment  is  begun.  The  necessary 
plastic  operation  must  first  be  performed.  This  includes  closing  the  fistula  and  elevating 
the  soft  parts,  to  prevent  their  adhesion  to  the  bone  in  the  neighbourhood  of  the  gap,  and 
to  provide  a  sufficient  thickness  of  soft  parts  to  accommodate  the  graft.  The  procedure 
will  best  be  illustrated  by  the  consideration  of  a  concrete  case.    Fig.  31  shows  the  condition 
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of  a  patient  immediately  before  the  plastic  operation  was  undertaken.  A  suitable  splint 
was  adapted  to  retain  the  fragments  in  correct  position.  A  wide  exposure  of  the  area 
was  then  obtained  by  free  reflection  of  the  soft  parts.     The  ends  of  the  fragments  were 


Figs.  31  and  32. — Patient  before  the  plastic  operation  and  after  recovery  from  plastic  operation, 
and  before  insertion  of  the  graft. 


exposed,  and  the  mucous  membrane  of  the  floor  of  the  mouth  was  dissected  up 
to  the  mucous  membrane  of  the  cheek.  Under  cover  of  this  the  bone  ends  w 
from  the  buccal  cavity,  and  between  them  was  inserted  a  piece  of  decalcified 
soft  parts  on  the  outer  aspect  of  the  bone 
were  brought  together  in  such  a  way  as  to 
raise  the  corner  of  the  mouth.  Counter- 
drainage  through  a  stab  wound  was  estab- 


and  united 
ere  shut  off 
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Fig.  .34. 


lished.  The  parts  healed  uneventfully.  Nutrition  was  promoted  by  radiations  and  mas- 
sage, and  the  patient  is  now  ready  for  the  insertion  of  the  graft  (Fig.  32).  In  order  to 
eliminate  the  possibility  of  infection  from  latent  sources  of  sepsis  an  interval  of  three 
months  is  allowed  to  elapse  in  such  a  case  before  the  grafting  operation  is  undertaken. 
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The  technique  of  this  operation  is  as  follows :  Two  or  three  days  previously,  upper 
and  lower  cast-metal  cap-splints  are  cemented  in  place.  These  splints  are  provided  witli 
bilateral  overlapping  threaded  flanges  which,  when  fixed  together  by  screws,  determine 

the  position  of  the  fragments 
in  correct  alinement  {Fig.  33). 
When  the  patient  is  on  the 
operating  table  these  screws  are 
removed,  allowing  the  mouth  to 
be  fireely  opened  for  the  passage 
of  the  intratracheal  catheter. 
As  soon  as  the  catheter  is  passed, 
the  screws  are  replaced.  It  will 
be  noticed  that  the  jaws  so 
disposed  are  in  the  open  bite 
|X)sition.     This  position  is  essen- 
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tial  if  intratracheal  methods  are  employed.  The 
anaesthetist  is  then  isolated  from  the  operation 
area  {Fig.  34).  A  curved  skin  incision  extend- 
ing well  into  the  neck  is  now  made,  and  a  flap 
turned  up  to  expose  the  site  of  the  fracture 
{Fig.  35).  Bleeding  vessels  are  ligatured  and 
towels  clipped  to  the  skin  margins.  The  ends 
of  the  fragments  are  then  exposed,  cleared,  freshened,  and  shapied  for  the  reception  of 
the  graft  {Fig.  36).  The  graft,  taken  as  a  rule  from  the  tibia,  is  now  cut,  the  length 
and    shape    being  determined  by  the   use   of  califjers  and  a  pattern  cut  in  sheet  lead. 

The  plates  are  screwed  to  the  graft 
before  the  detaching  cross-cuts  are 
made  {Figs.  37,  38).  The  graft  with 
detached   plates  is  then    transferred 


Fig.  37. 


to  its  destined  site  and  fixed  in  the  gap  by  two  screws  attaching  each  plate  to  the  cor- 
responding fragment  of  the  fractured  mandible  {Fig.  39),  and  the  wound  sewn  up  {Figs. 
40,  41).     A  similar  technique  is  adopted  when  rib  is  employed  {Figs.  42,  43). 
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We  have  always  acted  on  the  assumption  that  fixation  of  the  fragments  and  fixation 
of  the  graft  are  conditions  essential  to  success.  A  considerable  experience  in  the  operative 
treatment  of  fractures  of  the  long  bones  by  metallic  fixation  entirely   negatives  the  view 


Fig.  39. 


Fig.  40. 


that  any  serious  impediment  to  osteogenesis  is  occasioned   by  metal  used   in  this  way, 
This   view   is   strongly   supported   by    Sir  W.  Arbuthnot  Lane  and  Major  Hey  Groves. 

The  latter,  in  his  Jacksonian  Prize 
Essay,  concludes  as  regards  the 
reaction  of  living  bone  to  metallic 
suture  or  pins,  that  "  the  living 
bone  is  not  prevented  from  osteo- 
genesis by  their  presence." 

Hey  Groves  also  maintains 
that  absorbable  ligatures  afford  no 
fixation  in  the  real  sense  of  the 
word,  becoming  softened  in  a  few 
hours  and  yielding  to  any  strain. 
With  these  conclusions  my  own 
experience     is     in     entire    accord. 


FlG.  41. 


FIG.  43 


EflBcient  fixation  there  must  be.     If  it  can  be  attained  by  means  other  than  the  use  of 
metal   plates  or  wires,  so   much  the  better.     In  certain  situations   and   imder  certain 
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Fig.  44. 


conditions  it  is  possible  to  fix  a  graft  by  wedging,  with  the  assurance  that  such  fixation 

will  be  adequately  maintained.     There  are,  however,  a  large  number  of  cases  in  which 

such  fixation  is  totally  impossible.     It 

will  be  shown  that  the  success  of  the 

graft  is  in  no  wise  jeopardized  by  the 

use  of  metal  plates. 

The     procedure     as     regards     the 

treatment  of  the  periosteum  has  varied. 

Where  tibia  has  been  used,  no  attempt 

has  been  made   to   preserve   the   peri- 
osteum.    On  the  rare  occasions  when 

a  rib  has  been  deemed  more  suitable, 

the   jjeriosteum  has  been   retained   on 

the  outer  aspect.     As  far  as  is  known. 

no   difference   in    beha\'iour   has    been 

determined  by  the  presence  or  absence 

of  this  membrane. 

Ten  cases  have  been  op)erated  on 

by  the  use  of  free  grafts  in  the  manner 

described.     The  length  of  the  graft  has 

varied  from  2J  to  7J  centimetres.     In 

two   cases    suppuration  occurred   with 

subsequent    extrusion    of    the     whole 

graft.       In    both    cases    insecurity    of 

fixation  was  the  causative  factor.     In 

one  case  the  electric  motor  broke  down, 

necessitating  the  use  of  the  hand  drill  ; 

the  splint  was  thereby  strained  to  such 

an  extent  that  in  a  few  days  it  gave  way,  thus  allowing  free  play  to  the  previously  fixed 

posterior  fragment  Even  in  these  cases,  however,  the  area  of  the  gap  has  been  con- 
siderably diminished  by  the  growth  of 
a  new  bone.  In  one  case  wiring  has 
been  rendered  practicable,  as  I  know 
from  direct  inspection  of  the  fragments. 
The  other  case  can  now  be  dealt  with 
by  means  of  a  pedicled  graft,  owing  to 
diminution  in  the  size  of  the  gap.  In 
three  of  the  remaining  eight  cases 
localized  infection  has  occurred.  In 
one  the  tissues  overlying  the  graft 
were  very  badly  nourished,  and  a  sinus 
developed  several  weeks  after  opera- 
tion. In  the  other  two  cases  lobules 
of  the  parotid  were  wounded  in  expos- 
ing a  verj'  deeply  placed  posterior 
fragment ;  salivary  fistulae  with  ine\it- 
able  infection  occurred  ;  in  neither 
case  has  infection  determined  failure. 

In  three  of  these  cases  sufficient 
time  has  elapsed  since  operation — ten 
to  twelve  months — to  permit  a  just 
assessment  to  be  made  of  the  results 
obtained.     Of  five  cases,  then,   whose 

fate  is  known,  three  have  been  completely  successful.     Of  the  remaining  five,   progress 

has  been  such,  as  compared  with  known  successes,  that  at  the  very  minimum  a  p)ercentage 
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success  of  60  is  assured.  It  must  be  emphasized  that  the  failures  occurred  in  the  earhest 
cases,  and  are  ascribable  to  known  causes.  Every  case  subjected  to  grafting  has  been  one 
presenting  a  condition  of  floating  non-union,  and  no  selection  whatever  has  been  exercised. 
Figs.  4-4,  45,  46,  are  characteristic  a'-ray  photographs  showing  the  condition  before, 
during,  and  after  treatment  ;   the  plates  were  removed  as  soon  as  bony  continuity  had 

been  established.  In  Fig.  47  another 
case  is  illustrated ;  firm  continuity 
has  been  established,  with  a  perfect 
articulation  ;  the  patient  has  been 
discharged  with  plates  and  screws 
in  situ. 

Pedicled  Grafts. — It  is  obvious 
that  the  use  of  free  grafts  is  open  to 
many  forceful  objections.  The  graft 
consists  of  a  devascularized  fragment ; 
its  exact  mode  of  action  is  for  this 
very  reason  not  definitely  settled,  in 
spite  of  all  endeavours  at  elucidation  ; 
for  this  reason,  too,  it  is  peculiarly 
susceptible  to  sepsis.  The  employ- 
ment of  bone  possessing  its  own 
independent  blood-supply  is  infinitely 
preferable  on  practical  and  theoretical 
grounds.  Theoretically,  because  no 
doubts  can  arise  as  to  its  mode  of 
action.  Practically,  because  results 
will  be  more  certain  and  more  rapid. 
These  advantages  will  accrue  provided 
coincident  disadvantages  do  not  outweigh  them.  The  pedicled  graft  has  been  employed 
in  the  case  of  the  limbs,  and  occasionally  to  make  good  defects  in  the  jaw.  In  the 
latter  case,  clavicle,  sternum,  and  rib  have  been  utilized,  the  pedicle  being  planned 
according  to  the  source  of  the  graft  and  the  position  of  the  defect.  In  addition,  small 
fragments  of  the  jaw  itself  pedicled  on  periosteum  have  been  employed  ;  it  is  obvious 
that  the  applicability  of  this  procedure  must  be  very  limited,  and  it  scarcely  deserves  to 
rank  in  the  category  of  pedicled 
grafts.  Owing  to  technical  and 
other  difficulties,  these  operations 
have  not  found  favour.  Hey  Groves, 
discussing  this  question,  says  :  "  In 
general  terms  it  may  be  said  that 
these  elaborate  pedicle  operations 
are  obsolete.  They  all  involve  very 
grave  disadvantages." 

The  appeal  of  the  pedicled 
graft,  however,  as  a  sound  surgical 
measure  cannot  be  denied.  My 
attention  had  been  constantly  direc- 
ted to  the  remarkable  way  in  which 
imion  occurred  in  comminuted  frac- 
tures of  the  mandible.     Particularly 

striking  were  a  series  of  cases  in  which  a  large  fragment  of  the  basal  margin  was 
apparently  completely  detached.  So  consistent  were  the  results,  that  union  could  con- 
fidently be  predicted  in  such  a  case  even  when  considerable  loss  had  occurred  in  the 
overlying  parts  of  the  bone.  A  consideration  of  the  anatomy  of  this  portion  of  the  bone 
(or,  to  be  accurate,  that  portion  lying  in  front  of  the  masseter)  showed  that  to  its  lower 
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margin  was  attached  the  deep  cervical  fascia,  to  its  outer  surface  the  platysma,  to  its 
inner  surface  near  the  symphysis  the  anterior  belly  of  the  digastric.  It  seemed  clear, 
both  on  clinical  and  anatomical  grounds,  that  this  portion  could  be  detached  and 
utilized  as  a  pedicled  graft.  The  first  operation  carried  out  on  these  lines  was  performed 
in  June,  1917.  The  feasibility 
of  the  procedure  was  clearly 
demonstrated.  Other  of>era- 
tions  of  this  nature  have 
followed,  and  improvements 
in  technique  have  been 
evolved.  Months  must  elapse 
before  errors  are  demonstra- 
ted, and  before  it  can  be 
determined  whether  or  not 
remedial  measures  have  suc- 
ceeded. 

In  my  first  cases,  contact 
between  the  pedicled  graft 
and  the  freshened  fragments 
was  maintained  by  absorb- 
able sutures,  first  catgut  and 
then  kangaroo  tendon.  It 
was  found  that  union  of  the 
graft  with  the  posterior  frag- 

f  o  Yic   4S. 

nient  had  failed  owing  to  the 

pull  of  the  muscular  pedicle.  In  three  cases  exhibiting  this  defect  the  fracture  area  has 
been  again  exposed.  Union  of  the  graft  with  the  anterior  fragment  was  so  perfect  as  to 
escape  detection.  Posteriorly,  fragment  and  graft  were  separated  by  fibrous  tissue.  The 
graft  and  fragment  were  refreshened  and  wired  together  (Fig.  48).  It  is  obvious  that  a 
secondarj-  operation  of  this  nature  must  diminish  the  chances  of  complete  success. 

To  remedy  this  error  in 
technique,  contact  is  now 
maintained  by  means  of  silver 
wire.  The  procedure  is  as 
follows.  The  skin  incision  is 
made  extending  well  into  the 
neck,  reaching  a  lower  level 
in  front  than  behind  (Fig.  49). 
A  flap  consisting  of  skin  only 
is  raised  to  the  requisite  level. 
The  posterior  fragment  is 
thoroughly  exposed.  The  ex- 
tremity only  of  the  anterior 
fragment  is  exposed,  so  that 
the  extent  of  the  gap  may  be 
gauged.  An  incision  is  now 
made  through  the  soft  parts 
clothing  the  outer  aspect  of 
the  anterior  fragment,  at  a 
level  inrniediately  below  the  buccal  sulcus.  The  basal  margin  of  this  portion  of  the  jaw 
is  then  sawn  off  (Fig.  50).  The  periosteum  on  the  inner  aspect  of  the  fragment  is 
incised.  Lateral  incisions  through  platysma  and  deep  fascia  are  made  to  define  the 
pedicle,  which  is  then  gently  dissected  from  the  underhnng  structures.  The  graft 
is  thus  freed  to  an  extent  sufficient  to  allow  easy  adaptation  in  its  new  position.  The 
posterior  fragment  is  now  freshened  to  provide  as  broad  a  surface  of  contact  as  possible. 


Fig.  49. 
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Anterior  and  posterior  fragments  are  then  drilled  for  the  passage  of  a  fine  silver  wire  (Fig. 
51).  The  wires  are  passed  through  the  pedicle,  surround  the  graft,  and,  when  tightened 
and  twisted,  ensure  snug  contact  between  graft  and  freshened  fragments  (Fig.  52).  The 
soft  parts  are  brought  together  with  a  few  catgut  sutures,  and  the  skin  sewn  up  (Fig.  53). 
A  drainage  tube  is  inserted  and  retained  for  twenty-four  hours.  Figs.  54  and  55  illustrate 
a  case  thus  dealt  with.  It  is  scarcely  necessary  to  add  that  the  same  type  of  splint  is 
utilized  as  for  a  free  graft. 

The  employment  of  such  a  pedicled  graft  to  remedy  defects  in  the  mandible  is,  so  far 
as  I  am  aware,  an  entirely  novel  procedure.     I  have  succeeded  in  thus  detaching  a  thick 


Fig.  50.  .         Fig.  51. 

well-nourished  bone  fragment,  measuring  3J  centimetres  in  length.  The  vast  majority 
of  ununited  fractures  occur  on  the  lateral  aspect  of  the  mandible,  and  rarely  exhibit  a  gap 
exceeding  3  centimetres  in  length.  This  operation,  then,  enjoys  a  wide  range  of  applica- 
bility, and  constitutes,  I  submit,  a  considerable  addition  to  the  methods  of  treatment  at 
our  disposal.  I  have  not  as  yet  employed  bilateral  pedicled  fragments  as  a  means  of 
remedying  non-union  at  the  symphysis,  but  shall  certainly  do  so  when  occasion  arises. 
Free  grafts  are  now  used  only  in  cases  where  the  gap  is  too  wide  to  be  bridged  by  a 
pedicled  graft. 


Fig.  52.  FIG.  53. 

Eight  cases  have  been  dealt  with  in  the  manner  above  detailed.  In  four  of  these 
absorbable  sutures  were  employed,  and  three  of  these,  as  before  stated,  needed  a  second 
operation.  In  the  last  four  cases  contact  was  maintained  by  wire  sutures.  In  one 
only  has  there  been  the  slightest  trace  of  sepsis.  In  this  case  some  latent  source  of  sepsis 
must  have  been  encountered  inadvertently.  Considerable  swelling  occurred,  with  discharge 
of  blood-stained  pus  into  the  mouth,  soon  followed  by  the  subsidence  of  all  symptoms. 
The  wound  in  the  neck  was  not  affected. 

The  results  obtained  by  this  method  are  rapid  and  certain.  To  .such  an  extent  is 
this  so,  that  in  cases  with  non-union  amenable  to  treatment  by  means  of  a  pedicled  graft 
success  can  be  practically  guaranteed.  The  first  case  of  the  series  is  not  claimed  as  a  com- 
plete success,  but  the  causes  of  failure,  as  before  noted,  have  been  recognized  and  remedied. 
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The  results  obtained  by  the  operative  treatment  of  non-union  may  be  concisely  sum- 
marized thus.  There  were  30  cases* 
subjected  to  operation  ;  in  2  of  these 
the  operation  was  abandoned  as 
impracticable.  Of  the  remaining  28 
cases,  10  have  been  operated  on  too 
recently  to  permit  of  anj*  definite 
statement  as  to  the  results  obtained. 
Of  the  18  cases  whose  fate  is  known, 
13  have  been  completely  successful, 
2  considerably  improved,  while  the 
other  3  must  be  regarded  as  failures. 
It  will  thus  be  seen  that  the 
successes  are  over  70  per  cent. 

There  has  been  no  mortality, 
and  jKJst-anaesthetic  complications 
have  been  entirely  absent.  In  all 
but  two  cases  ether  has  been  admin- 
istered by  intratracheal  insufflation, 
and  the  uneventful  convalescence  is 
entirely  attributable  to  the  skill  ex- 
hibited in  administration  by  Dr. 
Francis  Shipway  and  Mr.  Ramsey 
Phillips.  I  in.  54. 

The  results  are  such,  in  a 
word,  as  to  justify  the  conclu- 
sion that  no  patient  so  afflic- 
ted should  be  discharged  until 
operation  has  not  only  been 
offered  to  but  urged  upon  him. 
The  functional  disability  as- 
sociated with  ununited  frac- 
ture of  the  mandible  is  an 
unnecessary  disability  in  most 
cases.  It  is  a  blot  upon  the 
escutcheon  of  surgerj'  which 
we,  if  we  be  worthy  devotees 
of  the  art,  must  determine 
to  remove. 


Fig.  .5.5. 
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THE    TREATMENT    OF    GUNSHOT    WOUNDS    OF    THE    FACE 
ACCOMPANIED    BY   EXTENSIVE    DESTRUCTION    OF    THE    LOWER 

LIP    AND    MANDIBLE. 

By  Major  V.  H.  KAZANJIAN,  Harvabd  Surgical  Unit, 
AND  Captain  HAROLD  BURROWS,  R.A.M.C.  (T.F.)* 

Many  problems  arise  in  the  treatment  of  gunshot  wounds  of  the  jaws.  Not  the  least 
perplexing  of  these  confronts  the  surgeon  in  a  case  in  which  the  greater  part  of  the  body 
of  the  mandible  has  perished  together  with  the  lower  lip,  chin,  and  sublingual  tissues 
(see  Figs.  59,  G6,  73).  Such  eases  are  not  frequent  ;  nevertheless  it  may  be  worth  while 
to  consider  the  means  by  which  the  victim  of  such  an  accident  may  yet  be  rendered 
an  efficient  individual. 

We  may  describe  the  treatment  under  three  headings,  which  approximately  represent 
three  successive  stages  in  the  management  of  any  case  :  (1)  Early  treatment  ;  (2)  Re- 
establishment  of  the  mandibular  function  ;    (3)  Restoration  of  the  lower  lip  and  chin. 

1.  Early  Treatment. — Our  first  care  will  be  concerned  almost  entirely  with  preserv- 
ing the  patient's  life,  and  meeting  the  various  early  complications  which  may  arise. 
Shock  calls  for  no  special  comment  ;  it  is  treated  as  in  other  major  wounds.  Primary 
haemorrhage  is  not  in  itself  a  great  menace  in  these  cases,  for  the  vessels  injured  are 
terminal  and  not  of  large  size,  while  the  wound  is  widely  open  from  the  first.  Secondary 
haemorrhage  is  uncommon  for  similar  reasons ;  when  it  does  come  about  it  is  not  profuse, 
and  is  easily  checked  by  securing  the  bleeding  vessel  in  the  open  wound.  Local  sepsis, 
though  it  may  be  severe  in  the  early  stages,  as  a  rule  subsides  rapidly  with  suitable 
attention.  Sustained  pyrexia  is  rare,  unless  secondary  complications  have  developed  in 
the  lung  or  other  organs. 

Certain  special  dangers,  peculiar  to  the  cases,  are  met  with,  and  they  call  for  remark. 
The  first  of  these  is  respiratory  obstruction.  Two  factors  are  involved  in  its  production. 
The  first  and  less  important  is  traumatic  cedema  of  the  tongue  and  glottis.  The  second, 
and  principal  one,  is  the  absence  of  the  body  of  the  mandible,  for  this  entails  the  loss  both 
of  the  anterior  attachments  of  the  tongue  and  of  the  elevators  of  the  larynx  ;  the 
consequence  is  that,  if  the  patient  be  supine,  the  tongue  falls  back,  the  larynx  is  tilted 
backward,  and  the  glottis  becomes  obstructed.  The  immediate  treatment  is  to  raise  the 
patient  into  a  sitting  posture  with  the  head  well  forward,  and  this  simple  manceu\Te  will 
often  be  sufficient  to  bring  about  instant  relief.  If  it  fails,  tracheotomy  must  be  done 
without  delay.  This  respiratory  difficulty,  and  the  means  by  which  it  may  be  relieved, 
must  be  Ijome  in  mind  throughout,  for  if  a  general  anaesthetic  be  given  to  the  patient  for 
any  purpose  acute  dyspncca  is  almost  sure  to  result.  In  such  an  event  time  must  not  be 
wasted  in  fruitless  attempts  to  provide  a  sufficient  air-way  by  pulling  forward  the  tongue, 
for  this  by  itself  will  fail.  The  postural  treatment  must  be  adopted  at  once,  and  if  it  does 
not  succeed  immediate  tracheotomy  must  be  done. 

Another  peril  to  the  patient  with  an  infected  wound  of  the  mouth  is  the  inhalation 
of  septic  material  into  the  air-passages,  with  consequent  bronchopneumonia.  This  compli- 
cation has  a  heavy  mortality  rate,  and  in  our  experience  it  is  almost  always  attributable 
to  the  administration  of  a  general  anaesthetic.      For  this  reason,  and  also  on   account 

♦  We  desire  to  express  our  indebtedness  to  our  colleague.  Captain  F.  Brigham,  R.A.M.C,  of  the  Harvard 
Surgical  Unit,  for  kind  assistance  in  preparing  this  paper. 
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of  the  liability  to  respiratory  obstruction  which  has  been  mentioned  already,  we  think  it 

should   be  a   rule  never  to  give  a  general  anaesthetic  to  one  of  these  patients   unless 

the  nature  of  the  case  renders  it  imperative  ;    in  such  a  case,  precautions  must  be  taken 

to  forestall  the  inhalation  of  septic  discharges.     Briefly 

stated,  the  precautions  we  employ  are  the  reduction  of 

salivation  by  means  of  atropine   given   hypodermically, 

administration   of  the  anaesthetic   by    nasal  tubes,   and 

thorough  packing  of  the  buccal  cavity  with  drj-  gauze. 
Apart   from   urgent   complications,    the    amount    of 

surgical  interference  required  in  the  early  stages  will  be 

small,  and  will  be  limited  to  the  removal  of  dirt,  loose 

fragments  of  bone,  teeth,  and  roots.    A  little  later,  when 

the  wound  begins  to  show  healthy  granulations,  a  certain 

amount  of  early  secondary  suturing  may  be  done.     This 

will    be   effected    under    local   anaesthesia,   and    will    be 

limited   to  sewing    up    the    outlying   radiations    of  the 

wound,  and  closing  as  much  of  the  main  wound  as  may 

be  done  without  impeding  drainage. 

With  regard  to  dressings,  there  is  not  much  to  be 

said.     The   wound    is   widely   open,  and    is   continually 

washed   with   abundance    of   the    patient's   own   saliva. 

This  necessitates   frequent  changes  of  dressing,  and  on 

each  of  these  occasions  the  mouth  is  sj-ringed  out  with 

antiseptic   solution,    usually   Listerine   or   a   solution  of 

potassium  permanganate. 

The  feeding  of  these  patients  calls  for  a  few  words. 

Owing   to   the   loss   of  the  anterior  attachments  of  the 

tongue,  as  well  as  to  the  absence  of  the  lower  lip,  the 

patient  is  unable   to  swallow   in   the  usual  way.     Food 

must  therefore  be  given  with  a  nasal  tube,  and  it  must 

be  administered  in  large  amoimts.     When  nasal  feeding 

is  impossible  on  account  of  obstruction  of  the   nares,  a 

small-caUbre  soft  oesophageal  tube    is  necessarj-.     It   is 

desirable,  however,  to  use  the  nasal  tube  whenever  this 

is  possible,  for  its  introduction  is  less  unpleasant  for  the 

patient,  while  it  avoids  thrusting  septic  discharges  from 

the  mouth  into  the  fauces. 

2.  Restoration  of  Mandibular  Function. — Two  dis- 
tinct procedures  are  required  in  order  to  restore  to  the 

patient  some  power  of  mastication.      In  the  first  place 

we  must  ensure  at  an  early  stage  that  the  portions  of  the  lower  jaw  which  have  sur- 

\nved  shall  remain   in  a   position  which  will  enable  them  to  j>erfomi   useful  work;   for 

upon  these  remnants,  and  resting  upon  them  alone  for  support  during  mastication,  will 
lie  the  artificial  jaw.  They  may  include  a  portion  of  the  body  of 
the  mandible,  or  they  may  consist  only  of  the  two  ascending 
rami,  which,  when  displaced  somewhat  inward,  forward,  and  up- 
ward, may  yet  be  capable  of  supporting  a  prosthetic  appliance 
which  rests  upon  what  is  anatomically  their  anterior  surfaces  ;  and 
the  degree  of  their  usefulness  will  be  proportional  to  the  amount 
of  pressure  they  can  support.  Unless  these  bony  platforms  are 
carefully  conser\-ed,  irremediable  displacements  will  ensue,  and 
the  mandibular  function  will  be  lost  permanently  and  entirely. 
The  second  process  to  be  described  consists  in  the  pro\ision  of 

an  artificial  substitute  for  the  missing  portion  of  the  jaw.    AVe  shall  consider  these  two 

subjects  in  detail. 


Bands  and  T-splinfc. 


Fig.  57. — ^Temporarr  splint  for 
edentulous  cases. 
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Prevention  of  Bony  Deformity. — The  attitude  which  the  surviving  fragments  of  the 
mandible  will  assume,  if  the  case  be  neglected,  will  vary  according  to  the  position  of  the 
fractures.  If  the  jaw  has  been  broken  at  the  angle,  the  proximal  fragment  will  be 
drawn  upward  and  outward,  and,  assuming  that  it  is  not  restrained,  will  become  lost 
ultimately  in  the  tissues  of  the  cheek.  When,  however,  the  fracture  is  further  forward — 
in  the  bicuspid  region,  for  example — the  chief  displacement  will  be  inward,  toward  the 
mid-line  of  the  mouth,  with  displacement  upward  in   addition. 

As  soon  as  the  local  conditions  are  sufficiently  favourable,  temporary  splints  are 
adjusted  which  will  hold  the  remaining  portions  of  the  mandible  in  a  proper  position — 
that  is  to  say,  directly  under  the  alveolar  ridges  of  the  upper  jaw,  and  separated  from 
them  by  a  sufficient  intermaxillary  space.  This  position  is  slightly  inwards  from  the 
normal  position  of  the  intact  mandible,  the  alveolar  ridges  of  which  are  more  widely 
separated  than  those  of  the  upper  jaw  ;  and  the  reasons  for  displacing  the  fragments 
inward  when  the  body  of  the  mandible  is  lost,  is  that  they  will  then  act  with  the  best 
mechanical  advantage,  and  give  greater  stability  and  efficiency  to  the  artificial  jaw  ; 
moreover,  a  smaller  prosthetic  appliance  will  suffice,  while  the  gap  in  the  soft  tissues 
will  be  diminished  and  consequently  easier  to  close. 

Two  types  of  temporary  splints  are  made,  the  selection  being  in  accordance  with  the 
nature  of  the  case:  (1)  If  there  are  teeth  existing  on  both  sides  of  the  jaw — for  example, 
the  third  molars — metal  bands  are  fastened  to  them,  and  these  bands  are  connected  by 
a  heavy  arch  (German  silver  12  A.G.)  which  carries  a  T-piece  in  the  middle ;  this  arch 
holds  the  two  parts  of  the  jaw  in  proper  position.  A  removable  vulcanite  splint  (Fig. 
56)  is  made  to  fit  over  the  arch.  (2)  If  no  teeth  are  available  for  giving  attachment  to 
these  splints,  a  metal  plate  (German  silver  24  A.G).  of  suitable  size  is  bent  into  shape. 
To  the  ends  of  the  plate  moulding  composition  is  added,  and  the  impression  of  the 
alveolar  ridges  is  taken  with  properly  occluded  surfaces.  The  plate  is  removed  from  the 
mouth,  and  after  trimming  off  the  surplus  composition  the  model  is  reproduced  in 
vulcanite  rubber.  This  makes  a  simple  and  efficient  splint,  and  the  slight  springiness  at 
the  middle  facilitates  adjustment  (Fig.  57). 

Practically  no  alterations  are  made  until  the  wound  is  ready  for  plastic  operation. 
The  characteristic  shape  assumed  at  this  stage  by  the  soft  tissues  is  seen  in  Fig.  69, 
p.  81. 

During  this  stage  it  is  important  to  ensure  that  there  shall  remain  a  buccal  furrow 
between  the  cheek  and  the  remaining  portions  of  the  alveolus  of  the  lower  jaw.  For  if 
this  groove  has  been  obliterated  it  is  difficult  to  secure  proper  function  and  stability  of 
the  prosthetic  appliance.  To  avoid  this  drawback,  suitable  flange-like  extensions  are 
incorporated  with  the  temporary  splint  which  prevent  the  disappearance  of  the  furrow 
during  the  process  of  scarring.  It  may  happen,  however,  that  the  alveolus  has  been 
in  large  part  destroyed,  or  that  for  some  other  reason  the  buccal  groove  has  disappeared 
before  the  temporary  splint  is  applied.  In  such  a  case  the  mucous  membrane  is  incisfd 
along  its  attachment  to  the  alveolar  ridge,  and  a  cut  is  made  deeply  into  the  underlying 
soft  tissues  along  the  margin  of  the  jaw ;  mattress  sutures  are  inserted  into  the  cut  margin 
of  the  mucous  membrane,  and  then  passed  through  the  bottom  of  the  groove,  emerging 
on  the  skin  surface,  where  they  are  tied  over  buttons.  In  this  manner  a  satisfactory 
buccal  furrow  may  be  re-established  and  maintained  by  the  temporary  splints. 

3.  Restoration  of  the  Lower  Lip.— Before  proceeding  to  close  the  wound,  an  artificial 
jaw  is  made  of  vulcanite,  and  the  patient  wears  this  for  a  while  in  order  to  get  accustomed 
to  it  before  the  plastic  operation  is  carried  out  on  the  soft  parts.  The  appliance  has 
the  following  features  :  (1)  It  is  held  in  place  by  the  remaining  teeth,  if  any  are  avail- 
able— or,  in  the  absence  of  teeth,  by  the  alveolar  ridges  of  the  lower  jaw — and  by  the 
occlusion  of  the  upper  teeth.  (2)  It  has  sufficient  bulk  to  replace  the  missing  bony 
tissue,  esj>ecial  attention  being  given  to  the  prominence  of  the  symphysis.  (3)  It  is  made 
in  three  sections,  to  facilitate  removal,  cleaning,  and  readjustment  in  the  mouth.  After 
the  plastic  operations  have  been  completed  and  the  soft  tissues  have  assumed  their  final 
form,  a  new  appliance  is  made  as  a  permanent  denture. 
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With  regard  to  the  plastic  operations  on  the  soft  parts,  we  aim  at  enabling  the 
patient  to  retain  his  saliva,  to  hold  food  in  his  mouth  during  mastication,  to  drink  from 
a  cup,  to  articulate  so  as  to  be  understood,  and  to  have  a  passably  good  apf)earance. 
To  achieve  these  objects  we  must  close  the  wound,  provide  it  with  a  complete  epithelial 
lining  on  its  buccal  surface,  and  restore  a  red  lip  margin. 

In  closing  the  wound  we  are  at  once  faced  with  a  difficulty,  for  skin-covered  tissue 
is  not  available  in  great  quantity,  and  yet  we  have  to  provide  tissue  not  only  to  close 
the  gap,  but  to  cover  the  artificial  appliance  and  restore 
the  profile  of  the  chin.  The  flaps  used  are  taken  from 
the  cheeks  and  the  sides  of  the  neck,  as  shown  in  the 
illustrations.  These  flaps  are  found  occasionally  to  have 
but  little  extensibility,  owing  to  the  presence  in  them 
of  strands  of  scar  tissue.  However,  they  can  be  brought 
together  over  the  artificial  chin  as  a  rule.  If,  after  they 
have  been  sutured,  there  is  so  much  tension  that  they 
remain  white  and  bloodless,  the  tension  may  be  sufficiently 
relieved  by  making  small,  shallow,  criss-cross  incisions 
into  them  with  a  scalpel. 

The  provision  of  a  complete  epithelial  lining  for  the 
buccal  surface  may  be  a  matter  of  difficulty,  for  although 
the  mucous  membrane  of  the  cheek  and  lips  is  verj'  ex- 
tensible, yet  there  is  very  little  of  it  which  is  available 
in  these  cases.  ^Vhat  there  is  will  be  sufficient  perhaps 
only  to  line  the  upper  part  of  the  lip.  To  provide  a  lining 
for  the  deep  pouch  in  which  the  artificial  chin  has  to  lie, 
we  turn  up  a  flap  of  skin  from  the  front  of  the  neck. 
The  fact  that  this  is  derived  from  a  hair-bearing  area 
does  not  appear  to  matter.  For  a  time  hairs  continue 
to  grow  in  the  mouth,  but  this  does  not  trouble  the 
patient,  and  it  seems  that  after  a  while  spontaneous 
epilation  takes  place.  Possibly  the  glandular  structures 
of  the  skin  atrophy  also.  At  any  rate,  the  lining,  after 
a  while  appears  to  the  naked  eye  almost  like  normal 
buccal  mucous  membrane. 

With  regard  to  the  pink  lip  margin,  the  difficulty 
of  restoring  this  is  not  so  great  as  might  have  been 
expected.  Usually  some  portion  of  the  lower  lip  has 
survived,  and  this  can  often  be  used  ;  for  the  lips  can 
be  stretched  to  a  remarkable  extent,  and  half  a  lip, 
detached  except  at  one  end,  can  be  made  available  for 
the  whole  width  of  the  mouth. 

DETAILS     OF     CASES. 

Case  1.— Pte.  A.  G.  E.  Wounded  Aug.  4,  1916. 
Admitted  Aug.  7.  The  wound  is  extensive,  the  lower  lip 
is  lacerated,  the  soft  tissues  of  chin  and  sublingual  region 
have  been  carried  away,  and  the  entire  body  of  the 
mandible  anterior  to  third  molars  on  each  side  is  missing, 
inflamed.     Tongue  swollen.    Tracheotomy  has  been  performed  at  CCS.     (Fig.  59.) 

Aug.  28. — A  minor  operation  was  performed,  and  a  few  pieces  of  loose  bone 
removed.  A  little  later  patient  fitted  with  temporary  splint.  As  soon  as  wound  was 
sufficiently  clean,  the  following  appliance  was  made  preparatory  to  plastic  on  the  soft 
parts.  Bands  were  fastened  on  the  third  molars,  and  to  these  bands  was  fixed  an  arch 
which  carried  two  perpendicular  wires.     To  this  arch  a  removable  vulcanite  plate,  made 


Fig.  58. — Case  1.    Operation  splints. 


Upper  jaw  edentulous.    Wound 
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in  three  pieces,  was  adjusted  (Fig.  58).  The  plate  had  sufficient  bulk  to  fill  gap  in 
mandible  and  to  provide  a  foundation  with  a  mental  prominence  to  support  the  soft 
tissues  which  were  to  reconstitute  the  lower  lip  and  chin  {Fig.  60). 

Jan.  1,  1917. — Plastic  operation  performed  under  general  anaesthetic.  Anaesthetic 
given  through  a  nasal  tube,  mouth  being  packed  with  gauze.  The  mucous  membrane 
was  divided  along  floor  of  buccal  groove  on  each  side  as  far  back  as  the  third  molar,  and 
from  the  hind  end  of  each  of  these  incisions  a  vertical  incision  was  carried  up  on  buccal 
surface  of  cheek.  Superficial  flaps  were  then  made  as  shown  in  Fig.  61.  The  lower 
angles  of  these  flaps  consisted  of  skin  and  subcutaneous  tissue  only,  but  when  the  level 
of  the  buccal  groove  was  reached,  incision  was  carried  through  into  the  mouth  and 
continued  backward  along  buccal  groove  as  far  as  anterior  border  Of  the  masseter  ; 
behind  this  the  flaps  once  more  consisted  only  of  skin  and  subcutaneous  tissue.  As  soon 
as  these  flaps  had  been  freed  and  bleeding  arrested,  temporary  appliance  already  described 
was  inserted,  the  two  halves  of  lip  were  sutured,  and  mucous  membrane  was  united  with 


t'lU.  59. — Case  1.     First  photograph. 


Fig.  60. — Ca^e  1.     Appliance  fitted  preparatory 
to  plastic  operation. 


catgut  sutures  from  above  downward.  The  cheek  flaps  were  now  rotated  forward  and 
united  along  the  mid-line.  When  this  had  been  done  there  remained  a  large  raw  surface, 
triangular  in  shape,  on  each  cheek.  These  were  diminished  in  size,  though  not  completely 
closed,  by  a  few  sutures. 

At  the  end  of  this  operation  there  was  an  area  uncovered  with  epithelium  on  inner 
surface  of  chin,  as  the  mucous  membrane  was  not  available  in  sufficient  quantity  to  cover 
the  mental  prominence  of  the  artificial  jaw.  As  a  result  a  chronic  ulcer  remained,  and 
by  its  contraction  caused  depression  of  the  lower  lip.  The  condition  resulting  after  this 
operation  is  shown  in  Fig.  62. 

May  15. — Second  operation  under  local  anaesthetic.  The  ulcer  in  mouth  was  excised 
together  with  the  overlying  scar.  Mucous  lining  of  mouth  completed  by  flaps  of  mucous 
membrane.  Flaps  of  skin  and  subcutaneous  tissue  were  then  made  as  shown  in  Fig.  62, 
and  sutured  together  in  the  mid-line.  This  raised  the  lower  lip  and  placed  it  in  contact 
with  the  upper. 

May  21 . — A  support  was  applied  in  order  to  prevent  the  retraction  of  the  lip  during 
healing  of  the  wound. 

July  14. — The  patient  supplied  with  permanent  plates  of  the  following  kind  :  (1)  An 
ordinary  upper  plate  with  an  inclined  plane  surface  at  the  region  of  tuberosities  ;    (2)  A 
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Ho.  61. — Case  1.    Biagram  of  firat  plastic  operation. 


Fig.  63. — Ccuel.   Fermanent  dentures. 
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Fig.  64. — Case  1.     i'hotograph  of  final  cast. 


Fig.  62.— Case  1.    Diagram  of  second  plastic  <^)eratioa. 
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lower  plate  made  with  hinjre  in  the  middle  {Fig.  63)  which  allowed  the  two  halves  to  fold 
together  to  facilitate  introduction  into  the  mouth  ;  this  hinge  can  be  locked,  when  the 
appliance  is  in  position,  by  means  of  a  bar  along  lingual  aspect  of  plate  ;  this  denture 
also  has  inclined  planes  at  back,  which  correspond  with  and  meet  those  of  upper  plate  ; 

the  purpose  of  these  is  to  force  lower  plate  into 
position  and  to  keep  it  there  during  mastication ; 
on  the  anterior  surface  of  the  apparatus  is  a  deep 
furrow  with  ridge  below  corresponding  to  mental 
prominence  ;  this  has  caused  a  corresponding  groove 
in  the  soft  tissues,  and  also  served  to  support  the 
lower  lip. 

Patient's  final  condition  is  shown  in  Figs.  64, 
65.  He  has  a  good  profile  and  a  fair  front  view. 
He  can  drink  normally,  hold  his  saliva,  speak  plainly, 
and  masticate  soft  food — -for  example,  chicken, 
potatoes,  and  bread — and  does  not  appear  to  find 
the  artificial  jaw  troublesome. 

Case  2.— F.  N.  Wounded  Aug.  21,  1916.  Ad- 
mitted Aug.  23.  A  large  shell  wound  of  chin  with 
extensive  loss  of  soft  tissues.  Lower  lip  lacerated. 
Body  of  mandible  missing  from  right  bicuspid  region 
to  left  third  molar.  Only  one  molar  (right)  remain- 
ing in  lower  jaw  (Figs.  66,  67,  68).  Various  minor 
operations  were  performed  under  novocain,  for  re- 
moval of  sequestra,  extraction  of  roots  from  upper  jaw,  and  partial  suturing  of  borders 
of  wound.     Temporary  retention  splints  applied. 

Feb.  2,  1917. — An  appliance  made  for  patient  to  wear  preparatory  to  plastic  operation 
on  the  soft  tissues,  composed  of  hinged  plate  of  suitable  size  and  bulk  which  rested  upon 


ric.    65. — Case    1.     i'iual   photograph. 
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Fig.    oi;.  -Cmc    2.    First   photograph. 


Fig.  C7. — Case  2.    First  photograpli. 


remaining  portions  of  alveolar  ridges  of  lower  jaw,  the  occluding  surfaces  in  molar  regions 
receiving  the  cusps  of  upper  teeth  which  helped  to  retain  plate  in  position,  while  a 
second  plate  interlocked  and  held  apparatus  together. 
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Feb.    13. — Plastic    closure    of   wound   under  novocain.      Cheek    flaps   formed  as   in 
previous    case    {Fig.   71),   and   the   Hp  edges  and   mucous   membrane   joined  until   the 


_.     -.   -''ase  2.     Cast  (inside) 
taiit-ii  ihortiv  after  iiiiurv. 


Fig.   69. — Case  2.     .Stxc 
photograph. 


Fig.  to. — Ca-se  2.     rhotocraph  of  filial 
cast. 


tension   forbade   further  suturing.     This  left  a  gap   through   which    artificial    chin   (not 
shown  in  the  illustration)  projected.     Gap  was  closed  by  turning  up  a  triangular  flap 
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Fig.  71. — Cafe  2.    Digrams  of  plastic  operatkms. 
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of  skin   from   the   neck   and   suturing   this   to   edges   of  mucous    membrane,   epithelial 
surface   facing   inward  so  that  it  lay   in  contact   with    vulcanite  appliance.     The   cheek 

flaps  were  now  brought  together  over  this  and  united 
along  the  median  line,  and  the  raw  surface  on 
anterior  surface  of  neck  was  closed  by  drawing 
together  the  skin  of  neck,  which  is  plentiful  in  this 
region.  Tension  of  cheek  flaps  when  they  were 
stretched  over  the  artificial  mental  prominence  ren- 
dered them  white  and  bloodless.  This  tension  was 
sufficiently  relieved  by  criss-cross  incisions. 

After  wound  had  firmly  healed,  the  patient  was 
supplied  with  a  permanent  appliance  similar  to  that 
used  in  the  former  case.  The  final  condition  of 
patient  is  shown  in  the  photograph  (Figs.  70,  72) 
The  result  was  satisfactory  both  as  regards  function 
and  appearance. 

Case  3.— F.  S.  Wounded  July  G,  1916.  Admitted 
July  8.  Extensive  shell  wound  of  chin.  Great  loss 
of  soft  tissue,  including  greater  part  of  lower  lip  and 
chin.  Mandible  missing  from  angle  on  right  side  to 
second  molar  on  left.  The  second  and  third  molars 
present.     Tongue  much  swollen.     A  small  portion  of 

shell   was    removed   from  right   side    of    neck,   1^  in.   below    the    ear,    under    novocain, 

{Figs.  73,  74.) 

Temporary  splints  adjusted  at  an  early  stage  and  retained  until  shortly  before  closure 

of  wound.     Preparatory  to  the  main  plastic  operation  an  appliance  was  made  resembling 

that  made    for   Case    2,    but   a  removable   condyle   guide   was   adjusted   on   right   side, 


Fig.  72. — Case 


Final  photograph. 
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Fia.  7:i.—Ccue  3.    First  photograpli. 


Fig.  74. — Case  3.     First  pliotograph. 


as  there  was  no  bony  tissue  on  that  side  to  give  support  to  artificial  jaw.  This  guide 
consisted  of  a  movable  bar  attached  to  third  upper  molar  and  passing  down  along 
lingual  aspect  of  lower  plate,  while  in  front  of  bar  was  a  hooked  wire  attached  to  the 
plate  ;  during  mastication  this  wire  glided  over  the  bar  and  prevented  the  plate  from 
being  pushed  backward. 
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July  28,  1917. — Plastic  operation  under  novocain.     The  details  of  this  operation  and 
flaps  used  were  similar  to  those  in  Case  2,  and  no  separate  description  is  necessary  (see 
Fig.    71).       The    permanent    prosthetic    appliance    was 
similar,    too,   to  that   used   for    Cases   1    and   2,   except 
for  the  addition   of  the  condyle  guide.     The  final  con- 
dition of  patient  is  shown  in  Figs.  76,  77. 

Case  4.— A.  P.  Wounded  Dec.  23,  1916.  Admitted 
Dec.  26.  Extensive  shell  wound  causing  laceration  of 
soft  tissues  and  fracture  of  mandible.  From  right 
cuspid  to  left  angle  the  lower  jaw  is  entirely  [missing 
(Fig.  78). 

April  1,  1917. — Patient  having  been  fitted  with 
artificial  jaw  of  viilcanite,  a  plastic  operation  was  per- 
formed under  novocain.  Cheek  flaps  were  made,  and  a 
symmetrical  triangular  flap  was  turned  up  from  neck 
to  complete  floor  of  mouth.  A  great  difficulty  was 
experienced  because  the  left  cheek  flap  consisted  mainly 
of  bulky  scar  tissue  which  was  inextensible  and  was 
rotated  into  position  with  difficulty,  and  when  sutured 
into  place  much  puckering  of  the  face  resulted,  while 
there  remained  a  large  triangular  raw  surface  on  the 
left  cheek  which  it  was  not  possible  to  cover. 

May  16. — Second  plastic  operation  to  cover  raw  surface  on 

Aug.    15. — Patient    has    large    scar    on    left    side    of    face, 
is    protuberant    owing    to    thick    scar    tissue    underlying     the 


1-"IG.  75. — Coie  3.     t«coiid  photograph. 


left  cheek. 

left    comer    of    mouth 

skin.       Salivary    fistula 


Fiff.    76. — Case   3.     Final   photograph. 


Fig.   77. — Case   3.     Final  pbott^r^h. 


remains  in  left  side  of  neck.  Patient  cannot  oj>en  the  mouth  well.  Is  having  massage 
of  the  face. 

Nov.  9. — Trismus  has  disappeared  and  scar  tissue  become  much  more  supple. 
Operation  :  salivarj'  fistula  closed  ;  left  comer  of  mouth  improved  by  removal  of 
triangular  piece  of  skin  together  with  mass  of  underhing  scar  tissue. 

Jan.  18,  1918. — Foiui:h  plastic  operation  in  order  to  remedy  depression  of  the  lower 
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lip.      Permanent   prosthetic   appliances   made  consisting   of  upper   and    lower   vulcanite 
plates.     Lower  plate  retained  by  two  clasps  round  right  bicuspids  and  horizontal  spring 
attachment  on  left  which  acts  as  a  condyle  guide  (Fig.  80). 
The  final  result  is  shown  in  Fig.  79. 


Fig.  78. — Case  4.     First  photograph. 


Fig.  80. — Case  4.  Permanent  dentures.  Horizontal  spring 
and  lever.  ■  To  the  upper  denture  is  attached  a  bar  about  one 
inch  in  lentrth,  designed  to  carry  a  button  at  eacli  end.  (AVhere 
there  is  sufficient  vulcanite  the  buttons  are  attaclied  directly  to 
the  denture.)  A  lever  is  constructed  with  tlie  posterior  button  as 
a  fulcrum.  Its  long  arm  travels  in  a  groove  on  the  buccal  aspect 
of  the  lower  denture,  while  a  spiral  spring  acts  between  the  end  of 
the  short  arm  and  the  anterior  button.  A  small  extension  at  the 
end  of  the  long  arm  has  contact  with  a  pin  which  originates  in  the 
lower  denture.  By  its  action  the  device  as  a  whole  serves  to  keep 
the  dentures  in  position,  and  also  prevents  the  lower  denture  and 
remaining  portion  of  the  mandible  from  rotating  to  the  left.  It 
does  notjinterfere  with  either  incisal  or  lateral  movements  in  masti- 
cation. 


Fig. 79. — Case  4.     Final  photograph. 


CONCLUSIONS. 


Fortunately  such  extensive  destruction  of  tissues  as  occurred  in  these  cases  is  not 
often  seen.  In  the  main  we  have  followed  the  same  line  of  treatment  in  all.  The 
principal  points  to  be  observed  are  : — 

1.  The  preservation  of  the  surviving  portions  of  the  mandible  in  the  desired  position. 

2.  The  substitution  of  lost  bony  tissue  by  vulcanite  appliances  before  the  perform- 
ance of  plastic  operations  on  the  soft  parts. 

3.  Postponement  of  the  main  plastic  operation  until  suppuration  has  ceased  and 
the  patient  is  in  a  good  physical  condition. 

4.  The  ase  of  a  similar  scheme  of  flaps  in  all  the  cases. 
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As  seen  in  the  photographs,  a  reasonable  fulhiess  of  the  chin  was  provided,  and  the 
general  result,  though  far  from  perfect,  is  not  repellant  to  the  eye.  The  speech  of  the 
patients  is  fair  and  intelligible,  and  undoubtedly  will  continue  to  improve.  The  artificial 
plates  are  simple  and  removable,  and  have  good  stabiUty  without  the  aid  of  additional 
springs — though  to  this  the  fourth  case  is  an  exception,  for  here  it  was  necessary  to 
employ  a  spring  to  control  the  left  side. 

As  to  the  efficiency  of  the  jaw  to  masticate  food,  we  may  state  that  a  good  part  of 
this  function  has  been  restored.  Normally  the  human  jaw  can  exert  about  two  hundred  and 
fifty  pounds  of  pressure,  while  the  force  required  for  mastication  of  ordinary  food  reaches  to 
fifty-five  pounds.  When  part  of  the  mandible  has  been  lost,  the  potency  of  the  remainder 
will  be  proportional  to  the  amount  of  bone  remaining  that  can  support  artificial  dentures. 
This  being  so,  it  might  be  thought  that  mastication  would  be  done  only  by  the  posterior 
parts  of  the  plates  where  they  rest  upon  firm  surfaces,  and  that  the  anterior  part  of  the 
artificial  jaw,  resting  as  it  does  on  soft  tissues  alone,  would  be  unable  to  participate  in 
the  function.  To  some  extent  this  is  true.  Yet  it  is  possible,  by  means  of  inclined  planes 
upon  the  posterior  ends  of  the  plates,  to  project  some  portion  of  the  biting  force  to  the 
artificial  incisors.  A  simple  plan  may  be  used  to  enable  the  patient  to  chew  with  greater 
force  and  satisfaction,  namely,  by  teaching  him  to  press  up  the  chin  with  the  left  thumb 
during  each  act  of  mastication.  With  practice  and  perseverence  the  habit  becomes 
acquired,  and,  while  being  helpful,  it  is  not  unsightly. 

An  ideal  restoration  of  a  lost  mandible  would  involve  re-establishment  of  bony 
continuity  by  grafting.  We  hope  that  means  will  be  found  to  achieve  more  perfect 
results  by  such  a  method.  This  is  a  problem  that  awaits  solution  in  the  future.  At  the 
present  time  it  is  satisfactory  to  know  that  an  artificial  jaw  can  be  both  a  useful  and  a 
practical  substitute  for  one  that  has  been  lost. 
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NOTES  ON   THE   PRINCIPLES   AND  RESULTS   OF   TREATMENT  IN 
200    CASES    OF    INJURIES    TO    THE    FACE    AND    JAWS. 

By  Captain  W.  MAXWELL  MUNBY,  R.A.M.C.  (T.F.), 
Captains  A.  ALAN  FORTY  and  A.  D.  SHEFFORD,  Dental  Officers. 

Department  Jor  Treaiment  of  Injuries  to  the  Face  and  Jaws,  2nd  Northern  General  Hospital, 

Leeds. 

It  has  been  truly  said  that  "  the  excellence  of  every  art  depends  upon  the  complete 
accomplislinient  of  its  purpose,"  and  it  is  the  intention  of  this  communication  to  classify 
and  systematize  the  results  obtained  in  two  hundred  cases  of  face  and  jaw  injuries 
treated  in  a  special  department  of  a  general  hospital.  These  cases  belong  to  a  series,  and 
have  not  been  specially  selected,  so  that  our  results  may  not  be  suspected  of  partiality. 

Much  has  been  written  hitherto  by  British,  colonial,  and  foreign  authors  describing 
principles  of  treatment,  specifying  types  of  splints  and  apparatus  employed,  outlining  the 
procedure  in  dealing  with  cases  seen  early  and  late,  devising  nomenclature,  etc. — all 
essential  in  an  exhaustive  treatise  on  jaw  surgery  and  jaw  orthopaedics.  Little,  however, 
has  been  published  giving  results  of  treatment,  tabulating  the  duration  of  stay  in  hospital, 
destination  of  the  patient,  whether  returned  to  duty,  etc.  The  present  contribution  essays 
to  meet  this  need,  and  we  trust  it  may  stimulate  the  publication  of  others  from  the 
various  special  centres  where  the  treatment  of  jaw  and  face  injuries  is  undertaken. 

In  our  series  of  200  cases,  145  were  admitted  with  definite  injury  to  bone  ;  the 
remaining  55  were  suffering  from  injuries  to  the  soft  parts  only,  giving  rise  to  various 
disabilities. 

INJURIES     TO     BONE. 

Table  1. — Showing  the  Number  and   Percentage  of  Mandibular  and  Maxillary 
Fractures  (exclusive  op  Alveolar  Fractures),  and  of  Alveolar  Fractures. 


PART   FRACTURED 

NUMBER 

Percentage 

Mandibvdar  fractures  : — 

(o)  United  on  admission 
(6)  Incomplete 
(c)  Complete 

Maxillary  fractures          . .            ... 
Alveolar  fractures 

15 

9 

96 

—119 

8 

18 

10-4 

6-2 

65-5 

6-5 
12-4 

Total     . . 

145 

1000 

Fractures  of  the  Mandible. — 

a.  United  on  Admission. — This  class  consists  of  15  cases,  all  of  which  required 
prosthetic  treatment,  many  of  them  surgical  or  other  treatment  in  addition — such  as 
attention  to  sinuses,  and  extractions — similar  to  that  frequently  necessary  in  complete 
fractures. 

6.  Incomplete  Fractures. — There  were  9  of  these  cases,  in  8  of  which  there  was 
a  crack  either  at  the  angle  or  in  the  body  of  the  jaw,  while  in  the  ninth  a  small  fragment 
was  detached  from  the  anterior  border  of  the  ascending  ramus. 
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c.  Complete  Fractures. — This  class  consists  of  95  cases,  whicli  are  classified  in  Table  2 
according  to  the  region  in  which  they  occur. 

Table  2. — Classified  List  of  Complete  ilASDiBXiLAR  Fractcres. 


Site  or  FRAcrtRK 

Kdhbeb 

Percentage 

Mesial  or  incisor  region 

Canine,  premolar,  or  molar  region 

Angle 

Ascending  ramus,  including  condyle  and  coronoid 

Multiple       . .    "          . .               . . 

26 
32 
21 
10 
6 

27-4 
33- 
22- 1 
10-5 
6-3 

Total     . . 

95 

1000 

It  is  often  difficult  to  locate  fractures  definitely  to  any  one  region,  so  that  the  above 
classification  has  been  adopted  merely  for  convenience,  and  is  more  or  less  arbitrary. 

The  amount  of  comminution  present  depends  upon  the  nature  and  velocity  of  the 
projectile,  the  angle  at  which  the  blow  is  received,  and  the  distance  which  the  missile 
has  travelled  before  impact.  In  the  majority  of  gunshot  wounds  there  is  considerable 
comminution,  while  in  'civil'  fractures  (due  to  kicks,  blows,  or  falls) — of  which  there  aie 
14  in  this  series — there  is,  on  the  other  hand,  little  or  no  comminution. 

Fractures  of  the  Maxilla. — Excluding  alveolar  fractures,  there  are  only  8  cases  in 
this  class.  Of  these,  7  were  injuries  to  the  hard  palate,  varj-ing  in  extent,  opening  into 
the  nasal  cavities  or  maxillarj'  sinuses.  The  eighth  was  a  horizontal  fracture  above  the 
palatine  vault. 

Fractures  of  the  Alveolus — This  class  consists  of  18  cases.  They  were  met  with 
in  one  or  both  jaws,  and  varied  considerably  in  extent.  They  are  associated  with  fracture 
of  the  teeth. 

FALSE     TRISMUS     OR     LIMITATION     OF     MOUTH     OPENING. 

This  clinical  condition  has  been  met  with  in  66  out  of  the  whole  series  of  200  cases : 
in  25  of  these  it  was  definitely  associated  -with  fracture  of  the  mandible  ;  in  the  remaining 
41,  fracture  either  had  been  definitely  excluded  by  a'-ray  examination  or  was  verj-  doubtful. 

In  all  cases  of  definite  fracture  the  site  of  the  injuiy  has  been  either  in  the  ascending 
ramus  or  angle,  and  in  such  it  is  obvious  that  the  muscles  of  mastication  have  been 
involved.  WTiere  fracture  is  absent  or  doubtful,  the  injury-  has  been  of  such  nature  as 
to  involve  some  fibres  of  the  masseter,  temporal,  or  pterj-goid  muscles. 

The  condition  in  many  of  the  cases  is  largely  due  to  slight  spasm  of  the  muscular  tissue 
resulting  from  injur\',  and  is  easily  and  rapidly  overcome  without  recurrence.  In  other 
cases  it  results  from  the  presence  of  scar  tissue  limiting  movement.  These  are  more 
obstinate,  especialh*  where  the  temporal  muscle  is  affected,  and  recurrence  is  more 
probable.  In  a  third  class — the  most  obstinate  of  all — the  condition  is  due  to  fimctional 
spasm  of  all  the  muscles  attached  to  the  mandible. 

UNCOMPLICATED     INJURIES     TO     SOFT     PARTS. 

There  were  14  cases  suffering  from  slight  disability  due  to  the  presence  of  a  foreign 
body  or  pain  in  the  scar  during  mastication.     They  require  no  further  comment. 

PRINCIPLES     OF     TREATMENT. 

A  brief  resume  of  the  treatment — as  far  as  it  could  be  ascertained — which  had  been 
carried  out  previous  to  admission  to  this  hospital  may  be  of  interest.      In  the  majority 
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of  cases  the  only  earlier  treatment  had  been  directed  to  the  soft  parts,  and  the  bony 
injury  had  been  neglected.  In  a  few  cases  wounds  had  been  sutured  and  foreign  bodies 
removed.  The  following  arteries  had  been  ligatured  for  secondary  lucmorrhage  :  external 
carotid  once  ;  facial  twice  ;  lingual  and  temporal  once  each.  Tracheotomy  and  laryn-, 
gotomy  had  each  been  done  once.  Splints  had  been  applied  to  one  or  both  jaws  in  19 
cases.  In  the  majority  of  these  the  mouth  was  in  a  very  septic  condition  and  the  splints 
had  to  be  removed  almost  immediately.  Obviously  many  teeth  had  been  retained  which 
were  not  only  useless  but  detrimental  to  recovery. 

Early  routine  treatment  is  directed  to  the  control  and  elimination  of  sepsis,  the  care 
of  external  wounds,  and  maintenance  of  the  patient's  health.  Patients  are  instructed  in 
oral  hygiene,  whilst  constant  lavage  is  carried  out  by  the  nursing  staff.  The  patient's  diet 
is  arranged  according  to  his  ability  to  deal  with  certain  types  of  foods,  and  follows  fairly 
closely,  with  certain  modifications,  the  scheme  advanced  by  Captain  Holt,  at  one  time 
medical  officer  in  charge  of  Croydon  Jaw  Hospital. 

The  study  of  radiographs  always  precedes  any  decision  upon  the  necessary  subsequent 
treatment  ;  these  radiographs  are  taken  from  as  many  aspects  as  are  considered  advis- 
able. As  a  result  a  definite  line  of  treatment  is  suggested,  and  the  preliminary  stage 
consists  in  the  removal  of  teeth,  or  roots  of  teeth,  involved  in  the  area  of  fracture,  except 
in  those  cases  where  retention  is  temporarily  considered  advisable  from  the  point  of  view 
of  controlling  fragments  otherwise  devoid  of  efficient  anchorage.  In  some  cases  a  cast 
cap-splint  is  loosely  adjusted  within  twenty-four  hours  of  the  removal  of  such  teeth,  so 
that  displacement  may  be  effectually  controlled,  and  such  a  splint  is  not  cemented  in  place 
until  any  sepsis  which  may  be  present  is  well  under  control. 

In  the  vast  majority  of  gunshot  wounds  of  the  face  and  jaws,  comminution  of  bone 
and  loss  of  tissue  results,  together  with  certain  types  of  resultant  displacement  of  the 
fragments,  and  often  facial  asymmetry.  The  re-establishment  of  a  normal  occlusion  and 
orientation  of  the  dental  arch  is  never  sought  at  the  expense  of  bony  union.  In  those 
cases  in  which  comminution  and  tissue  loss  are  absent  (in  some  gunshot  fractures,  but 
especially  in  fractures  of  a  'civil'  nature,  the  restoration  of  the  normal  occlusion  is 
perfectly  compatible  with  bony  union  ;  while  in  cases  where  tissue  loss  is  very  extensive 
(often  above  4  cm.),  any  idea  of  ultimate  bony  union  is  generally  impracticable,  and 
the  normal  occlusion  is  restored  so  far  as  it  is  possible  to  do  so,  the  future  of  the  case 
depending  upon  the  efficacy  of  'bone-grafting  operations.' 

The  essential  importance  of  retaining  (especially  in  the  more  extensive  fractures) 
all  pieces  of  bone  which  have  adhered  to  the  periosteum  must  be  insisted  upon,  as 
such  vital  foci  are  eminently  necessary'  in  the  process  of  ossification,  acting  as  grafts 
in  the  process  of  repair,  whilst  their  removal  lessens  the  incidence  of  osseous  and 
tends  to  promote  fibrous  union.  More  than  one  case  which  has  resulted  in  fibrous 
union  can  be  definitely  traced  to  the  removal  of  such  bone  fragments.  This,  of  course, 
cannot  be  said  to  apply  to  alveolar  bone,  which  exerts  no  influence  on  the  reparative 
process.  Neither  granulation  tissue,  nor  the  subsequent  callus,  is  laid  down  beyond  a- 
limited  distance  from  the  mother  tissue,  and  reparative  callus  cannot  bridge  across 
definite  gaps,  so  that  the  presence  of  such  foci  of  ossification  is  very  essential. 

Bony  union  once  obtained,  the  correction  of  any  abnormal  occlusion  is  proceeded  with. 
In  many  cases,  all  that  is  necessary  is  the  adaptation  of  a  prosthetic  appliance  owing 
to  the  man's  poor  natural  denture  ;  whilst  in  others  various  orthodontic  appliances  are 
used.  This  stage  is  carried  out  when,  although  the  mobility  of  fragments  is  arrested  by 
callus  formation,  yet  such  callus  is  still  capable  of  extension  and  manipulation  under 
mechanical  force.  Obviously  this  stage  should  not  be  delayed  until  after  the  ossification 
of  the  callus. 

For  immobilization  of  fragments,  the  cast  cap-and-bar  splint  is  universally  used,  either 
singly,  or  in  some  cases  in  the  intermaxillary  form  (especially  where  only  a  few  teeth  are 
available).     These  splints  are  easily  cleaned,  comfortable,  and  eminently  successful. 

Fibrous  union  is  treated  by  a  suitable  prosthetic  appliance.  Bone-grafting  is  being 
tried  in  some  cases,  and  we  hope  to  make  a  communication  on  the  subject  later. 
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Sinuses  which  persist  after  two  or  three  curettings  combined  with  the  use  of  20  per 
cent  lactic-acid  packing  or  chloramine  paste,  are  treated  by  cutting  down  upon  the  bone, 
exposing  it  freely,  and.  removing  sequestra  which  maintain  the  infection. 

Limitation  of  opening  the  mouth  yields  more  or  less  readily  to  intermittent  screw- 
gag  pressure  (a  modified  Holt  pattern,  or  lever  arm  gag),  accompanied  by  massage,  which 
is  also  given  as  a  routine  procedure  in  the  majority  of  cases  of  mandibular  fracture. 

In  this  series  there  were  11  cases  requiring  plastic  operations.  Three  of  these  only 
required  readjustment  of  the  red  margin  of  the  lip,  the  scar  being  first  excised  ;  and  two 
required  the  closing  of  a  fistulous  conununication  with  the  mouth  ;  these  call  for  no 
comment.  Four  required  more  extensive  ojjerations  on  the  lower  lip.  In  these  and  in 
all  such  cases  where  the  normal  contour  of  the  dental  arch  is  destroyed  by  loss  of  teeth, 
etc.,  this  is  restored  by  a  vulcanite  appliance  which  is  fitted  before  plastic  procedure  is 
undertaken;  this  acts  as  a  framework  on  which  to  remodel  the  soft  parts.  Only  one 
of  these  cases  calls  for  comment.  The  patient  had  had  the  middle  fourth  of  the  lower  lip 
blown  away  to  the  depth  of  one  inch.  Incisions  were  made  on  each  side  parallel  to  the 
lip  at  the  level  of  the  lower  margin  of  the  gap,  and  extending  over  the  mandible  to  the 
neck,  and  the  soft  parts  were  freed  from  the  deeper  structures  sufficiently  to  allow  the 
two  margins  of  the  lip  to  be  sutured  and  so  obliterate  the  gap.  The  mouth  was  thus 
made  slightly  smaller,  but  not  unduly  so.  Of  the  remaining  two  cases,  one  was  a  scar 
excision  calling  for  no  further  notice.  The  other  was  a  pensioner  who,  in  addition  to 
fracture  of  the  lower  jaw,  had  received  considerable  injuries  to  the  left  cheek  and  malar 
bone,  with  destruction  of  the  facial  nerve  and  left  eye.  There  was  drooping  of  the  cheek 
and  left  angle  of  the  mouth,  causing  considerable  deformity.  An  injection  of  wax  was 
made  just  above  and  external  to  the  left  angle  of  the  mouth,  and  a  strip  of  fascia  lata 
half  an  inch  wide  was  removed  from  the  thigh  a  few  weeks  later,  after  making  incisions 
over  the  zygoma  and  above  and  below  the  wax  dep)ot.  The  fascia  was  passed  from  the 
zygomatic  wound  through  the  cheek  substance,  first  deep  to  the  wax  depot,  then  super- 
ficial to  it  back  to  the  zygomatic  wound,  where  both  ends  were  sutured  to  the  fascia 
over  the  zygoma,  the  angle  of  the  mouth  being  over-elevated.  This  operation,  combined 
with  scar  excision,  considerably  improved  the  appearance  of  the  patient. 


RESULTS. 

Table  3. — Showisg  the  Final  Disposal  of  the  Mex  in  this  Series  of  200  Cases. 


Disposal 

Number 

Percextage 

Returned  to  duty   . . 
Discharged  from  the  army   . . 
Transferred  to  other  hospitals 
Pensioners  admitted  as  such 
Death 

175 
13 

7 
4 

1 

87-6 
6-6 
3-6 
20 
0-5 

Totals 

200 

1000 

The  average    stay  in   hospital  was    104   days. 


This  analysis  of  200  cases  is  an  attempt  to  record  the  ultimate  results  obtained  in 
some  of  the  earUer  cases  seen  by  us  in  1916-1917,  and  it  is  our  hope  to  publish  some  further 
statistics  and  results  of  the  large  number  of  face  and  jaw  injuries — ^well  over  1000  to  date — 
which  have  been  treated  in  this  special  centre. 

It  is  perhaps  a  truism  to  mention  the  invaluable  aid  in  diagnosis  and  treatment 
rendered  by  accurate  radiographs  taken — as  soon  as  a  case  is  admitted,  and  serially — to 
demonstrate  the  changing  conditions  as  a  case  progresses,  and  we  have  received  great 
assistance  in  this  work  from  Captain  Stansfield,  the  radiographer  to  the  hospital. 
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Table  4. — The  Results  op  Treatment  in  Fractures  of  the  Mandible, 
WITH  THE  Sites  in  which  Non-union  occurred. 


RESUIiT 


Bony  union 
Non-iinion,  angle     . . 

„  lateral  .  . 

,,  mesial  .  . 

„  multiple 

„  ascending  ramus 


NUMBER 

Fercentaoe 

80 

83-9 

1 

11 

5 

5-3 

2 

2-2 

2 

2-2 

5 

5-3 

Totals  ,.1         95  100-0 


In  all  except  three  of  these  cases  of  non-union  the  shortest  period  elapsing  between 
injury  and  admission  to  hospital  was  two  and  a  half  months,  and  the  average  period 
■was  a  little    over  ten    months. 

The  following  selection  from  the  above  series  illustrates  some  of  the  typical  cases  and 
their  subsequent  treatment. 

Case  1. — Wounded  by  shrapnel,  April  9,  1917.  Admitted  Apri!  23.  Radiography  shows 
a  comminuted  fracture  of  the  symphysis  region,  and  a  triangular  fragment  detached  from  lower 
border  of  mandible  in  this  region.  Alveolar  process  carrying  5.4.3.  practically  detached  ;  and  these 
teeth,  together  with  several  septic  roots  of  mandibular  molars,  were  removed.  On  June  4  an 
intermaxillary  cap-and-bar  splint  (metal  Gunning)  was  adjusted.  Sept.  1,  splint  was  removed 
and  union  had  resulted.  Lack  of  occluding  power  owing  to  deficiency  of  mandibular  teeth  made 
good  by  an  artificial  denture. 

Case  2. — Bullet  wound,  Nov.  13,  1916.  Admitted  Jan.  3,  1917.  Previously,  a  cap  splint 
had  been  cemented  in  place.  Oral  condition  extremely  septic.  No  union  had  occurred.  Wound 
of  entry  still  persisted  on  right  side  of  chin.  Point  of  exit  was  on  left  side  of  chin,  and  a 
comminuted  fracture  in  the  right  canine  and  premolar  region  resulted.  There  was  some  displace- 
ment, the  lesser  fragment  had  been  drawn  inwards,  to  be  overlapped  by  the  larger  (left)  fragment, 
which  had  been  drawn  roimd  to  injured  side.  Second  premolar  of  left  side  was  seen  to  be  directly 
in  the  area  of  fracture,  and  was  removed.  Although  tissue  lost  is  considerable,  several  bony  foci 
remain — which  are  of  essential  value  in  ultimately  gaining  bony  union.  Sinus  persisted  at  wound 
of  entry,  but  eventually  healed.  Submental  abscess  also  developed  ;  this  delayed  complete 
immobilization  (a  cap  splint  being  worn  loosely  for  a  time,  so  that  the  displacement  was  over- 
come), which  was  eventually  practicable  on  Feb.  2.  May  7,  splint  removed  and  jaw  quite  firm, 
with  bony  union.     Patient  discharged  to  duty  June  15. 

Case  3. — ^Fracture  at  the  right  angle  of  the  mandible  without  comminution  or  loss  of  tissue. 
Patient  wounded,  Oct.  17,  1916,  and  an  intermaxillary  splint  was  adjusted  in  France.  Bullet 
entered  left  cheek,  whilst  the  point  of  exit  was  immediately  below  lobule  of  right  ear.  On 
admission,  Jan.  6,  1917,  oral  condition  was  bad  and  pronounced  sepsis  very  apparent.  Splint 
was  removed  and  no  tmion  had  resulted.  Radiography  shows  the  right  mandibular  third  molar 
directly  involved  in  line  of  fracture  ;  it  was  consequently  removed,  together  with  several  septic 
roots  in  the  maxilla.  A  sinus  existed  beneath  right  ear  and  persisted  for  some  time.  The  oraP 
condition  at  length  being  satisfactory,  an  intermaxillary  splint  was  adjusted,  and  on  June  15 
the  patient  was  discharged  to  duty.  Limitation  of  opening  had  resulted,  owing  to  involvement 
of  masseter  and  internal  pterygoid  muscles  as  well  as  prolonged  closure  during  the  period  of 
immobilization,  but  was  rapidly  overcome  by  intermittent  gagging  and  massage. 

Case  4. — Complete  fracture  of  condyle  across  its  base.  Wound  received  Oct.  12,  1916,  and 
man  admitted,  Nov.  14.  Entry  wound  existed  on  left  cheek,  immediately  above  middle  of 
zygomatic  arch.  The  mandibular  and  maxillary  teeth  were  wired  together  in  France.  On 
admission,  the  clinical  condition  was  that  of  limitation  in  opening  mouth,  with  salivary  fistula 
in  left  cheek,  which  was  treated  by  introduction  of  a  silver  tube.  No  clinical  evidence  of 
mandibular  fracture,  and  after  the  condition  of  'false  trismus'  had  been  overcome  by  massage 
and  gagging,  the  patient  was  discharged  to  duty,  May  18,  1917., 

Case  5. — Double  fracture  of  right  body  of  the  mandible.  Patient  wounded  by  high-explosive 
shell,  April  25,  1917,  there  being  a  large  entry  wound  on  right  side  of  neck.  An  intermaxillary 
splint  (metal  Gunning)  had  been  cemented  in  place,  an  excess  of  cement  being  present  ;  a  large 
piece   of  composition   covered   part   of  it,   evidently  to   protect   the   tongue  from   injury.     On 
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admission,  May  18,  mouth  was  found  in  a  ver\-  septic  condition  ;  radiography  shows  an  oblique 
fracture  posterior  to  last  molar  tooth,  in  which  a  portion  of  tooth-root  and  mandibular  molar 
tooth  are  involved,  and  a  second  fracture  in  right  canine  region,  invohing  that  tooth.  A  freely- 
discharging  sinus  was  present  at  the  entrj-  woimd.  The  splint  was  removed,  and  the  above- 
mentioned  teeth.  June  5,  the  sepsis  had  subsided  and  sinus  healed,  so  that  an  intermaxillary- 
cap-and-bar  splint  was  cemented  in  place.  This  was  eventually  removed  to  allow  the  extraction 
of  second  and  third  right  maxillary  molars,  which  were  seen  to  preclude  the  forward  movement 
of  posterior  fragment.  A  splint  was  again  adjusted,  and  removed  on  Aug.  3,  when  it  was  found 
that  fibrous  union  (pseudo-arthrosis)  had  resulted.  A  prosthetic  appliance  was  provided  which 
rendered  mastication  quite  efficient,  and  the  man  was  ultimately  discharged  to  duty  (C  3).  This 
case  shows  the  evil  effects  of  delay  in  removing  involved  teeth,  of  the  presence  of  uncontrolled 
sepsis,  and  finally  of  neglect  to  allow  the  forward  transition  of  the  posterior  fragment,  all  of 
which  combined  to  produce  non-union. 

Case'  6. — Wounded,  Sept.  25,  1916  ;  admitted,  Nov.  3.  Injun*-  due  to  a  bullet  which, 
entering  left  angle  of  mouth,  issued  about  1  in.  above  the  right  angle.  Radiography  shows 
comminuted  fracture  of  right  angle  of  mandible,  and  a  second  fracture  extending  obliquely  through 
the  right  body  in  the  first  mandibular  molar  region.  Roots  of  two  mandibular  molars  and  the 
second  premolar  appear  to  be  impacted  in  the  fracture.  A  Hammond  splint  had  been  adjusted, 
and  was  removed,  together  with  the  molar  and  premolar  roots  and  several  maxillar},-  teeth.  Mouth 
in  ver\-  septic  condition.  Nov.  15,  an  intermaxillary  cap-splint  was  cemented  in  place,  and  when 
removed  on  Dec.  15,  jaw  was  firm,  and  bony  union  obtained.  This  man  was  discharged  to  duty 
subsequently. 

Case  7. — Incomplete  fracture  of  left  body  of  mandible,  only  the  lower  border  of  jaw  being 
involved  ;  there  was  no  clinical  evidence  of  fracture.  Wounded,  July  30,  1917  ;  admitted 
Aug.  13.  Patient  was  discharged  to  duty  on  Sept.  10  :  the  only  treatment  necessary  was  the 
removal  of  7.5.4.,  which  were  quite  loose.  ■ 

In  conclusion,  we  should  like  to  thank  Lieutenant-Colonel  H.  Littlewood,  C.M.G., 
administrator  of  the  hospital,  and  consulting  surgeon  to  this  department,  whose  valuable 
advice  and  courtesy  have  been  of  real  assistance  in  our  work.  . 
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PRIMARY    AND    DELAYED    PRIMARY    SUTURE    OF 
GUNSHOT    WOUNDS. 

A  REPORT  OF  RESEARCH  WORK  AT  A  C.C.S., 
DEC,  27,  1917— MARCH  1,  1918. 

Director  of  Research  Work :    Captain  FORBES  ERASER. 

Operating  Surgeons  :  Captains  J.  W.  DEW,  D.  C.  TAYLOR,  A.  W.  DENNIS,  M.  W.  B. 
OLIVER,  and  HENRY  STOKES.  Radiologist :  Captain  N.  S.  FINZI.  Anaesthetists  :  Captains 
G.  MARSHALL,  C.  F.  HACKER,  A.  S.  BLACKWELL,  and  Lieutenant  G.  R.  PHILLIPS. 
Physician :    Captain  J.  A.  RYLE. 

WITH    which     is    included    A 

REPORT    ON    THE    BACTERIOLOGY    OF    WOUNDS. 

By  Captain  ADRIAN  STOKES  and  Major  W.  H.  TYTLER. 

I.    GENERAL    OBSERVATIONS. 

For  the  purposes  of  this  work  during  the  period  mentioned,  only  men  suffering  from 
wounds  of  the  upper  and  lower  limbs  have  been  admitted  to  the  CCS.  Of  these,  60-8  per 
cent  have  been  entered  on  the  research  list  as  being  cases  suitable  for  immediate  or  early 
suture. 

Patients  suffering  severely  from  shock  and  loss  of  blood,  who  are  not  in  a  condition 
to  bear  a  thorough  cleansing  operation,  and  whose  tissues  may  have  lost  much  of  their 
normal  power  of  resisting  infection,  are  not  as  a  rule  suitable  subjects  for  primary  suture, 
though  they  may  sometimes  be  fit  for  closure  of  their  wounds  after  the  lapse  of  a  few 
days.  Patients  who  show  signs  of  already  established  infection  of  the  tissues  surrounding 
the  wound  must  also  be  rejected  ;  these  form  a  large  class,  and  include  the  majority  of 
men  whose  arrival  at  the  CCS.  has  been  delayed  beyond  twenty-four  hours.  Multiple 
wounds  are  seldom  suitable,  not  only  on  account  of  the  lengthy  operation  involved,  but 
because  of  the  likelihood  of  one  failure  causing  infection  of  other  wounds.  Trivial 
wounds,  and  clean  through-and-through  bullet  wounds  without  damage  to  main  vessels 
or  nerves,  are  also  best  left  alone.  Patients  considered  unsuitable  for  the  research  list  are 
treated  by  us  in  the  usual  way,  and  evacuated  to  the  base  when  they  have  sufficiently 
recovered. 

Patients  whose  wounds  have  been  sutured  are  kept  here  till  their  wounds  have  healed, 
or  until  the  treatment  has  definitely  failed.  We  have,  as  far  as  possible,  limited  our 
investigations  to  primary  suture  at  the  time  of  operation,  and  to  delayed  primary  suture, 
which  may  take  place  at  any  subsequent  time  before  granulations  have  formed. 

Secondary  suture,  by  which  we  mean  suture  after  granulations  have  formed,  we  have 
reserved  chiefly  for  wounds  with  virulent  infections  such  as  those  in  which  primary  suture 
has  failed  on  account  of  the  presence  of  haemolytic  streptococci.  We  feel  that  secondary 
suture  is  better  investigated  at  the  base  and  in  England,  where  so  much  important  work 
has  already  been  undertaken  in  this  direction. 

Reference  to  the  figures  in  Part  II  will  show  that  the  vast  majority  of  the  wounds 
which  we  have  dealt  with  were  infected  before  operation.  Success  in  primary  suture 
must,  therefore,  depend  on  early  operation,  whereby  the  infected  area  may  be  more  or 
less  thoroughly  removed  before  sufficient  time  has  elapsed  to  allow  of  infection  penetrating 
into  the  surrounding  tissues. 
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As  this  removal  can  rarely  be  complete,  other  factors  are  : — 

1.  The  ability  of  healthy  tissues  to  deal  with  a  limited  amount  of  infection,  provided 
the  larger  sources  of  bacterial  growth  have  been  removed. 

2.  The  possible  action  of  chemical  antiseptics  in  destroying  or  inhibiting  the  growth 
of  bacteria  still  present  after  operation. 

With  these  principles  in  mind  we  have  operated  on  a  series  of  cases,  the  details  of 
which  will  be  found  in  Part  II. 

Antiseptics. — We  have  sutured  wounds  without  the  aid  of  antiseptics,  and  we  have 
also  used  B.I.P.P.,  flavine,  and,  more  recently,  dichloramine-T  dissolved  in  chlorinated 
soft  paraffin  (chlorcosane).  Some  of  the  wounds  have  been  treated  by  washing  with 
ether,  after  the  method  in  common  use  by  French  surgeons.  Soap  solution,  which  has 
of  late  been  used  with  success  by  Captain  Haycraft  and  others,  is  also  being  tried  by  us. 
The  numbers  of  wounded  who  have  been  admitted  are  too  small  to  enable  us  at  tbe 
present  time  to  draw  definite  conclusions  as  to  the  relative  value  of  these  chemicals.  At 
present  we  can  go  little  further  than  to  show  it  is  possible  to  suture  wounds  with 
considerable  success  with  the  use  of  each  of  these  substances,  and  also  without  any 
antiseptics  at  all. 

Before  de5«;ribing  in  detail  the  methods  we  have  used,  we  wish  to  acknowledge  our 
indebtedness  to  many  papers  on  the  subject  of  primary  suture  published  by  French 
surgeons,  and  in  particular  to  the  article  by  M.  le  Gros  {Bulletin  de  la  Societe  de  Chirurgie, 
October,  1917),  which  forms  the  basis  of  the  work  we  have  undertaken,  although  the  mode 
of  operation  adopted  by  us  differs  from  that  advocated  by  him. 

X  Rays. — Every  case,  excepting  through-and-through  wounds  or  contour  wounds  with 
no  damage  to  bone,  is  examined  by  x  rays  before  operation.  W^e  understand  that  it  is 
a  common  event  after  a  foreign  body  has  been  removed  at  the  C.C.S.,  for  surgeons  at  the 
base  to  find  others  present  which. Jceep  up  sepsis.  It  is,  therefore,  unjustifiable  to  close 
a  wound  till  it  is  certain  that  all  foreign  bodies  have  been  removed. 

Culture. — A  specimen  is  taken  from  each  wound  for  culture  immediately  before 
operation.  For  this  purpose  a  swab  is  used,  contained  in  a  glass  tube  in  the  upper  end  of 
which  cotton-wool  is  packed.  The  whole  is  placed  in  a  test-tube,  the  mouth  of  which  is 
also  plugged  with  wool.  The  apparatus  is  sterilized  in  the  autoclave,  and  when  the  speci- 
men is  to  be  taken,  the  inner  glass  tube  with  the  swab  is  withdrawn  and  placed  in  contact 


Fig,  81.— Stokes'  swab  and  tube  used  in  taking  specimens  for  culture. 

with  the  wound.  The  swab  is  then  thrust  down  into  the  depths  of  the  track  and 
thoroughly  smeared  on  all  parts  of  the  wound  which  can  be  reached.  It  is  then  withdrawn 
into  the  tube,  and  both  are  replaced  in  the  test-tube.  This  method  of  taking  specimens, 
which  appears  to  us  to  be  efficient,  and  to  guard  against  contamination,  we  owe  to 
Captain  Adrian  Stokes  {Fig.  81.). 

Disinfection  of  Skin. — The  patient's  skin  is  shaved,  washed  with  soap  and  water 
followed  by  spirit,  then  painted  freely  with  a  5  per  cent  solution  of  picric  acid  in  spirit. 

Operation. — ^We  wish  to  lay  stress  on  the  fact  that,  excepting  only  comparatively 
superficial  wounds  which  could  be  excised  as  a  whole  without  doing  serious  damage  to 
the  limb,  no  attempt  has  been  made  by  us  in  the  course  of  this  work  to  perform  excisions 
en  bloc.  Most  of  the  French  surgeons  who  advocate  primary  suture  of  gunshot  woimds 
appear  to  aim  at  aseptic  excisions  in  which  dead  or  soiled  surfaces  are  not  touched  with  the 
knife  or  scissors.  Thus,  they  recommend  that  a  lodging  wound  be  treated  by  excision  in 
the  form  of  a  cone  which  includes  the  foreign  body  and  its  bed  at  its  apex  ;  a  through-and- 
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through  wound  by  the  excision  of  two  cones  whose  apices  meet ;  a  compound  fracture  by 
ablation  of  a  wedge  of  soft  parts  down  to  the  bone.  Their  object  is  to  avoid  entering  the 
track,  and  to  render  the  operation  as  nearly  an  aseptic  one  as  possible,  a  method  similar 
to  that  used  in  civil  practice  for  the  removal  of  a  malignant  growth. 

We  feel  that  this  ideal  method,  even  when  anatomically  possible,  is  only  applicable 
to  exceptional  cases  in  which  it  can  be  carried  out  without  doing  serious  injury  to  muscles 
and  other  structures  of  the  limb.  To  use  it  in  deep  lodging  wounds,  in  through-and- 
through  wounds,  and  in  the  general  run  of  compoimd  fractures,  would  in  our  opinion  lead 
to  unnecessary  loss  of  tissue,  and  often  to  irreparable  damage  to  the  function  of  the  limb. 

Our  method  has  been  to  excise  a  very  narrow  margin  of  skin  round  the  wound  in  the 
form  of  an  ellipse,  to  prolong  the  incisions  sufficiently  to  obtain  a  full  exposure  of  the 
track,  and  then,  with  the  help  of  good  retraction,  to  remove  its  walls  with  scissors  or  knife. 
As  little  healthy  tissue  as  possible  is  removed  ;  but  soiled,  dead,  or  severely  bruised 
muscles  are  snipped  away  till  healthy  contracting  and  bleeding  tissue  is  exposed. 

It  will  be  seen  that  this  form  of  piecemeal  excision  of  wounds,  being  performed  to  a 
great  «xtent  from  within  the  track,  has  no  pretension  to  being  an  aseptic  operation,  and 
differs  entirely  from  ideally  aseptic  excision  en  bloc,  which  aims  at  removing  the  whole 
track  from  outside  without  cutting  into  it.  Success  in  suture  after  excision  piecemeal 
must  depend  on  the  ability  of  healthy  tissues,  aided  perhaps  by  chemical  antiseptics,  to 
deal  with  infection,  provided  the  latter  be  not  too  massive  or  too  virulent. 

A  proportion  of  failures  must  be  expected,  in  the  presence  of  virulent  infection,  even 
if  the  operation  has  been  properly  performed.  A  method  such  as  this,  whose  success 
depends  to  a  great  extent  on  factors  of  which  we  are  ignorant,  is  obviously  open  to 
criticism.  Its  scope,  however,  is  so  much  larger  than  that  of  excision  en  bloc,  and  its 
advantages  over  the  latter  in  avoiding  unnecessary  removal  of  tissue  are  so  important, 
that  if  in  practice  the  results  obtained  by  it  are  proved  to  be  sufficiently  good,  and  the 
risks  attending  it  to  be  sufficiently  small,  then  the  use  of  piecemeal  excision  appears  to 
us  to  be  justified.  While  in  the  presence  of  infection  this  operation  can  never  be  aseptic, 
yet  there  are  degrees  of  soiling  of  raw  surfaces,  and  every  precaution  should  be  taken  to 
avoid  unnecessarily  contaminating  the  rest  of  the  wound  from  dead  and  infected  material. 
By  means  of  free  incision  good  access  should  be  obtained  to  every  part  of  the  wound,  and 
with  the  aid  of  retractors  all  excision  should  be  carried  out  under  view.  The  use  of  the 
fingers  to  explore  tracks  should  be  absolutely  discountenanced.  By  changing  of  instruments 
or  by  frequently  rinsing  them  in  1-20  carbolic,  and  by  care  in  manipulation,  gross  soiling 
of  raw  surfaces  can,  as  a  rule,  be  avoided.  The  operation  is  not  complete  till  every  part 
of  the  wound  has  been  dealt  with,  and  every  fragment  of  dead  muscle  removed.  Impor- 
tant structures,  such  as  main  vessels  and  nerve  trunks,  which  cannot  be  excised,  should 
be  carefully  cleaned  with  knife,  scissors,  and  swabs.  If  every  part  of  the  track  has  not 
been  actually  seen  and  cleansed,  primary  suture  should  not,  as  a  rule,  be  undertaken. 

The  use  of  dyes,  such  as  5  per  cent  solution  of  methylene  blue  or  brilliant  green  in 
20  per  cent  formalin,  has  been  advocated,  particularly  by  French  surgeons,  as  a  means  of 
distinguishing  living  from  dead  tissue.  Experiments  have  been  made  by  us  in  the  use  of 
these  dyes,  with  the  result  that  there  is  some  individual  difference  of  opinion  as  to  their 
value.  They  certainly  stain  dead  tissues  deeply  and  intensely,  while  the  cut  surface  of 
living  muscle  is  only  lightly  stained  on  the  surface.  We  are  inclined  to  think  that  their 
use  may  be  of  some  value  in  dealing  with  large  wounds  where  small  patches  of  dead  tissue 
are  apt  to  escape  attention,  and  also  should  be  a  help  to  operators  who  have  not  much 
experience  in  the  excision  of  gunshot  wounds. 

Compound  Fractures. — In  the  case  of  compound  fractures,  the  wound  in  the  soft 
tissues  is  dealt  with  as  above  described,  and  a  good  view  of  the  fracture  being  obtained 
by  retraction,  the  cleaning  of  the  bony  lesion  is  proceeded  with.  Foreign  bodies  are 
removed,  loose  fragments  lifted  out,  and  sharp  points  cut  off.  Access  is  gained  to  the 
fractured  surfaces  by  levering  fragments  apart,  and  every  crevice  is  carefully  cleaned  by 
small  spoons,  scrapers  of  various  shapes,  and  burrs.  Blood-clot  is  carefully  wiped  away 
from  cracks  in  the  neighbourhood  of  the  main  fracture. 


SUTUEE     OF    GUNSHOT    WOUNDS  95 

We  are  careful  to  remove  as  little  bone  as  possible,  knowing  that  regeneration  of  bone 
is  a  difficult  and  tedious  process.  Only  fragments  which  have  lost  all  their  attachment 
are   removed;  those  retaining  even  a   small  connection  with  periosteum  are  preserved. 

The  closure  of  cavities  left  in  bone  after  the  removal  of  a  foreign  body  or  loose  frag- 
ments often  presents  considerable  difficulties.  Such  cavities,  if  left  to  fill  with  blood-clot, 
generally  become  septic  and  lead  to  failure  of  the  operation.  In  one  such  case  (a  femur), 
a  muscle  flap  with  good  blood-supply  was  cut  from  the  vastus  extemus  and  made  to  fill 
the  cavity ;  unfortunately  it  sloughed,  infection  with  anaerobes  took  place,  and  the 
wound  had  to  be  opened.  Fat  grafts  have  been  used  by  several  of  us  with  success  in  the 
neighbourhood  of  the  knee-joint.  Up  to  the  present  time  our  experience  has  not  been 
sufficient  to  enable  us  to  express  an  opinion  as  to  the  best  method  to  be  adopted. 

The  investigations  of  Major  Martin  on  the  spread  of  infection  in  compound  fractures 
(British  Journal  of  Surgery,  October,  1917)  are  of  great  importance  in  connection  with 
the  early  treatment  of  these  injuries.  He  has  demonstrated  that  penetration  of  bone  by 
infection  is  slow  in  comparison  with  its  rate  of  progress  in  soft  tissues.  It  seems  reason- 
able, therefore,  to  presume  that  if  the  infected  soft  tissues  have  been  efficiently  removed 
and  the  damaged  surfaces  of  the  bone  thoroughly  cleansed,  sepsis  will  not  occur  in  the  bone, 
and  a  compound  fracture  should  be  expected  to  heal  by  first  intention  in  the  same  way 
as  a  flesh  wound.     This  is  borne  out  by  our  experience. 

The  operation  is  completed  by  careful  hcemostasis.  For  smaller  vessels  this  is  best 
secured  by  leaving  on  pressure-forceps,  such  as  Lane's,  during  the  operation.  Larger 
vessels  must  be  ligatured  with  catgut,  but  care  taken  that  as  little  tissue  as  possible 
is  included  in  the  ligature.  All  crushed  and  ligatured  tissue  must  die,  and  the  less  dead 
material  left  to  form  a  nidus  for  infection  the  better. 

It  has  now  to  be  decided  whether  to  suture  the  wound  at  once  or  to  leave  it  open. 
Every  case  must  be  judged  on  its  merits,  and  it  is  impossible  to  lay  down  rules  which  will 
cover  all  eventualities.  The  size,  gravity,  and  appearance  of  the  wound,  the  time  which 
has  elapsed  since  its  infliction,  and  the  condition  of  the  patient,  must  all  be  taken  into 
account.  The  following  may  be  found  useful  as  a  guide  in  general  terms.  Provided 
(1)  that  the  wound  is  not  of  more  than  fifteen  hours'  duration  ;*  (2)  that  the  surgeon 
feels  that  he  has  been  able  to  cleanse  it  satisfactorily,  and  has  removed  all  foreign  bodies  ; 
(3)  that  closure  can  be  effected  without  undue  tension  ;  and  (4)  that  the  patient  need  not 
be  moved  for  several  days  at  least  :  then  primars'  suture  is  justifiable.  Otherwise  it  is 
advisable  to  leave  the  wound  open  in  the  hope  of  suturing  it  at  a  later  date.  L'ndermining 
of  skin  flaps,  and  other  plastic  measures  for  closing  wounds,  should  not,  as  a  rule,  be 
undertaken  at  the  primarv'  operation,  unless  a  bacteriological  examination  has  already 
been  made  and  it  is  certain  that  virulent  organisms  are  not  present. 

Sature. — It  is  important  that  accurate  coaptation  of  deep,  as  well  as  superficial, 
surfaces  be  obtained.  'Dead  spaces'  which  fill  with  blood-clot  will  probably  lead  to  failure. 
We  have  adopted  the  method  of  passing  deep  coaptation  sutures  which  draw  together 
the  muscles  and  emerge  from  the  skin  wide  of  the  edges  of  the  wound.  If  tension  is 
present  these  are  tied  over  rubber  tubes  or  lead  plates.  The  skin  edges  are  then  brought 
together  by  interrupted  sutures,  with  an  interval  of  J  to  f  inch  (see  Figs.  121,  125).  We 
have  avoided  buried  catgut  sutures,  except  in  wounds  of  joints  where  they  have  been  used 
to  close  the  synovial  membrane.  For  suture  material  we  have  used  silkworm  gut,  and  silk 
treated  with  B.I.P.P.  The  latter  has  the  advantage  of  being  well  tolerated  by  the  tissues, 
and  produces  little  irritation  even  when  retained  for  long  periods.  Owing  to  its  thickness 
it  is  not  so  liable  as  silkworm-gut  to  cut  out.  Sizes  4  to  6  China  twist  are  used.  It  is 
prepared  by  boiling  in  carbolic  (1-20)  for  an  hour,  subsequently  soaking  in  tincture  of 
iodine  overnight,  and  then  storing  in  a  very  liquid  B.I.P.P. 


*  The  limit  of  fifteen  hours  after  infliction  of  the  wound  is  about  the  average  for  wounds  of 
moderate  severity,  after  which  we  consider  it  wise  not  to  attempt  immediate  closure.  Many 
slighter  wounds  have  been  successfully  sutured  at  later  periods. 
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Drainage. — We  have  found  that  as  a  general  rule  it  is  better  to  dispense  with 
drainage  altogether.  The  use  of  rubber  drainage  tubes  is  certainly  to  be  avoided.  They 
appear  to  act  as  foreign  bodies,  and  sepsis  is  prone  to  appear  in  their  tracks,  even  if  the 
tube  is  removed  at  the  end  of  forty-eight  hours.  'Viennese  silk  wire,'  consisting  of  bronze 
aluminium  wire  with  a  fine  silk  core,  which  is  recommended  highly  for  use  as  a  drain  by 
French  surgeons,  has  been  tried  by  us.  Though  it  acts  efficiently  as  a  drain,  it  appears  to 
have  the  same  disadvantages  as  rubber  tubes,  and  to  set  up  irritation  and  consequent 
sepsis  which  may  lead  subsequently  to  infection  of  the  whole  wound.  If  interrupted 
sutures  are  used,  and  not  placed  too  close  together,  sufficient  escape  of  blood  and  serum 
generally  takes  place  between  them,  and  further  drainage  is  unnecessary.  In  the  presence 
of  persistent  oozing,  which  in  civil  surgery  would  generally  be  treated  by  introducing  a 
tube  for  a  short  time,  it  is  better  to  pack  the  wound,  leave  it  open,  and  suture  it  at  the 
first  dressing. 

Progress  and  After-Treatment.— Our  treatment  has  been,  as  stated  already,  to 
excise  and  suture  wounds  without  knowing  the  nature  of  the  infection  at  the  time  of 
operation.  No  other  course  is  possible  in  the  primary  suture  of  gunshot  wounds,  as  to 
wait  for  cultures  to  be  made  and  examined  before  operating  would  involve  certain  failure 
in  the  majority  of  cases,  owing  to  infection  spreading  during  the  interval  into  the  tissues 
surrounding  the  wound.  Generally,  however,  on  the  morning  following  operation  we  have 
had  the  advantage  of  knowing  the  results  of  both  aerobic  and  anaerobic  culture  from 
each  wound. 

We  have  found  that  among  the  many  kinds  of  infection  which  are  present  in  the 
majority  of  the  wounds  with  which  we  have  dealt,  one  variety,  viz.,  the  hcemolytic  strepto- 
coccus, stands  out  as  being  in  a  class  by  itself  in  virulence.  A  sutured  wound  infected  by 
these  organisms  will  almost  certainly  go  wrong,  and  unless  the  sutures  are  removed  at 
once  and  energetic  measures  taken  to  combat  the  spread  of  infection,  not  only  the  limb 
but  even  the  life  of  the  patient  may  soon  be  in  grave  danger.  Other  infections  which  we 
have  met  with  in  sutured  wounds  need  not,  in  our  experience,  as  a  rule  give  rise  to 
anxiety  on  the  part  of  the  surgeon,  and  do  not  often  call  for  urgent  interference.  Strepto- 
cocci which  are  not  haemolytic  occasionally  give  rise  to  acute  symptoms,  but  in  our  experi- 
ence the  majority  of  wounds  infected  by  them  do  well.  Infection  by  the  common  varieties 
of  anaerobes  alone  does  not  appear  to  be  of  much  importance,  provided  a  careful  operation 
has  been  done.  The  tissues  will  probably  be  able  to  deal  with  them,  and  if  suppuration 
takes  place  it  is  likely  to  be  local  and  easy  to  control.  The  haemolytic  streptococcus,  on 
the  other  hand,  always  gives  rise  to  anxiety  on  our  part,  and  nearly  always  necessitates 
the  opening  of  the  wound.  The  advantage  of  early  knowledge  of  the  presence  or  absence 
of  these  organisms  is,  therefore,  in  our  experience  a  very  real  one. 

The  statement  that  the  haemolytic  streptococcus  is  by  far  the  most  virulent  organism 
which  we  have  hitherto  met  with  in  the  wounds  which  we  have  sutured  must  not  be  taken 
to  mean  that  we  wish  to  deny  that  other  organisms  of  equal  virulence  may  sometimes- 
infect  gunshot  wounds.  We  have  some  reason  to  believe  that  such  organisms  do  occur, 
but  we  have  not  met  with  them  in  our  present  series  of  wounds  considered  suitable  for 
early  closure. 

The  characteristic  feature  of  the  post-operative  condition  of  patients  whose  wounds 
have  been  sutured  and  are  healing,  is  the  general  well-being  of  the  men.  They  look  well, 
are  cheerful,  have  good  appetites,  and  as  a  general  rule  have  very  little  pain.  There 
is  a  marked  contrast  between  their  aspect  and  that  of  patients  with  open  suppurating 
wounds.  Many  patients  have  little  constitutional  disturbance  after  operation  ;  but  a  rise 
of  temperature  lasting  for  one,  two,  or  three  days,  or  even  longer,  is  common.  There 
may  also  be  a  raised  pulse-rate,  though  as  a  rule  the  pulse  does  not  remain  for  long  above 
100  except  in  cases  of  very  severe  wounds  or  of  streptococcal  infection.  If  the 
bacteriologist  has  reported  that  haemolytic  streptococci  are  absent,  mere  elevation  of 
temperature  and  pulse  in  a  patient  who  looks  and  feels  well  and  complains  of  no  pain  in 
his  wound  by  no  means  indicates  impending  suppuration.  In  all  probability  the  fever 
will   subside  in  the  ocurse  of  a  few  days  and   healing  will  take  place  by  first  intention. 
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Sometimes  local  suppuration  will  occur,  occasionally  a  gas-containing  abscess  may  form  ; 
in  either  case  the  removal  of  one  or  more  stitches  and  the  introduction  of  sinus  forceps 
will  probably  be  all  the  treatment  required.  When  the  infection  is  by  non-haemolytic 
streptococci  or  staphylococci,  these  simple  measures  are  less  likely  to  succeed,  and  the 
wound  may  have  to  be  completely  of)ened  up.  Late  onset  of  pain,  which  was  at  first 
absent,  and  a  temperature  curve  tending  to  rise  instead  of  fall,  are  the  usual  indications 
of  suppuration. 

The  general  aspect  of  a  patient  whose  wound  is  infected  with  haemolj-tic  streptococci 
is  in  the  vast  majority  of  cases  entirely  different.  He  is  anxious,  looks  ill,  complains  of 
pain  in  his  wound,  often  severe,  refuses  food,  and  sometimes  has  nausea  or  vomiting. 
His  temperature  and  pulse  are  on  the  up  grade,  and  on  dressing  his  wound  the  skin  around 
it  for  some  distance  will  be  found  to  be  oedematous  and  covered  with  a  dull  red  or  bluish- 
red  blush  ;  serum  pours  out  from  the  wound,  often  so  profusely  as  to  saturate  the 
dressings.  No  time  should  be  lost  in  opening  such  a  wound  widely  and  beginning 
treatment  with  some  antiseptic  such  as  Carrel  Dakin,  flavine,  or  B.I.P.P. 

The  points  which  are  of  value  in  clinically  distinguishing  infection  by  haemolytic 
streptococci  from  other  conditions  are,  therefore  :  (1)  general  aspect  and  condition  ;  (2) 
pain  in  wound  ;  (3)  appearance  of  wound  and  exudation  of  serum.  If  the  symptoms 
and  appearances  of  this  virulent  infection  are  so  distinctive,  it  may  be  argued  that 
bacteriological  examination  may  be  safely  dispensed  with  as  an  adjunct  to  early  suture 
of  wounds.  There  can  be  no  doubt  that  the  difficulty  of  preparing  cultures  in  large 
numbers,  if  such  cultures  are  necessarj'  in  everj^  case,  must  militate  considerably  against 
the  use  of  primary  or  delayed  primary  suture  during  periods  of  active  fighting.  Unfortu- 
nately the  symptoms  are  not  always  so  clear  as  we  have  described  them  above  in  typical 
cases.  Sometimes  a  patient  with  only  a  mild  infection,  or  with  no  infection  at  all,  will 
have  severe  pain  in  his  wound,  will  feel  sick,  and  look  ill,  and  on  removing  the  dressings 
a  considerable  exudation  of  serum  \Ctfl  be  found.  Without  the  assurance  of  the  bacteri- 
ologist that  ha^molv'tic  streptococci  are  absent,  the  surgeon  must  open  the  wound,  as  he 
is  in  doubt,  and  cannot  afford  to  run  risks.  On  the  other  hand,  we  have  known  a  case 
heavily  infected  by  these  organisms  heal  by  first  intention  without  either  local  or  consti- 
tutional reaction. 

The  Chart  shown  in  Fig.  104  illustrates  the  kind  of  difficulty  which  may  arise.  Cases 
A  and  B,  operated  on  the  same  evening,  next  morning  presented  almost  identical  clinical 
conditions.  The  bacteriological  report  indicated  that  A  required  immediate  treatment, 
while  B  might  safely  be  left  alone.  Without  the  aid  of  this  report  it  is  very  probable 
that  B's  wound  might  have  been  opened,  and  a  good  result  thus  spoiled. 

Such  experience  as  we  have  gained  leads  us  to  believe  that,  while  the  services  of  a 
bacteriologist  are  of  the  greatest  advantage  to  the  surgeon  in  doing  this  work,  and  that 
without  his  help  the  best  results  cannot  be  obtained,  yet  it  is  possible  to  depend  on  careful 
clinical  observation  alone,  though  in  this  way  many  wounds  may  have  to  be  opened  up 
which  would  heal  by  first  intention  had  the  required  bacteriological  report  been  available. 
In  the  absence  of  sufficient  bacteriologists  to  prepare  cultures  for  all  wounds,  their  services 
should  be  reser\'ed  for  the  examination  of  those  of  the  more  severe  type. 

Dressings. — Cases  which  are  obviously  doing  well  are  usually  dressed  at  the  end  of 
forty-eight  hours,  after  which  it  is  unnecessary  to  change  the  dressings  for  eight  or  ten 
days,  when  the  sutures  may  be  removed.  If  there  has  been  tension,  however,  it  is 
iuivisable  to  leave  the  deep  sutures  considerably  longer.  Wounds  which  have  been  treated 
vith  B.I.P.P.  should  retain  at  least  some  of  their  sutures  for  two  or  three  weeks,  as 
younds  so  treated  appear  to  take  longer  to  unite  than  the  average.  Unnecessary 
dressing  of  these  wounds  is  harmful  ;  we  have  frequently  seen  patients  the  worse 
iit  it.  Physiological  rest  is  the  most  important  feature  of  their  after-treatment.  It  is 
rkcessary  to  bear  in  mind  that  the  vast  majority  of  these  wounds,  though  they  may 
b  clinically  aseptic,  are  not  bacteriologically  sterile,  and  this  is  the  probable  explana- 
tion of  the  undoubted  fact  that  sutured  wounds,  if  transferred  to  the  base  in  their 
eaiy    stages,    so    frequently   go    wrong.     The  jolting    and   shaking    of   the   journey    is 
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sufficient,  by  causing  slight  further  traumatisms,  to  enable  already  existing  infection  to 
gain  the  upper  hand. 

Massage  and  Movement. — Massage  for  the  limb  may  be  carefully  begun  as  soon  as 
healing  is  complete,  but  it  should  not  at  first  be  ajjplied  near  the  wound.  After  the  third 
week  gentle  massage  may  be  allowed  round  the  wound,  but  not  in  cases  that  have  had 
streptococcal  infection,  which  is  easily  lighted  up  afresh  even  after  the  lapse  of  many 
weeks.  In  the  case  of  flesh  wounds  the  patient  may  be  allowed  to  move  his  injured 
muscles  himself  as  soon  as  the  wound  is  soundly  healed.  He  may  be  trusted  not  to  do 
damage  by  too  violent  efforts.  Passive  movements  should  certainly  not  be  allowed  till 
after  the  lapse  of  a  month  in  ordinary  cases,  and  a  much  longer  period  in  cases  infected 
by  streptococci.  They  may  do  much  damage  in  lighting  up  sepsis,  and  where  the  original 
infection  has  been  virulent  they  are  dangerous. 

Delayed  Primary  Suture. — The  excised  and  cleaned  wound  is  treated  with  some 
antiseptic,  such  as  B.I. P.P.,  flavine,  or  dichloramine-T,  and  lightly  packed  with  gauze. 
The  sutures  may  be  placed  in  position  at  the  primary  operation  and  left  loose,  or  they 
may  be  inserted  at  the  time  of  closing  the  wound  In  either  case  the  same  care  as  in 
primary  suture  is  necessary  to  secure  perfect  apposition  of  deep  as  well  as  superficial 
surfaces.  The  liability  of  open  wounds  to  become  infected  with  staphylococci,  probably 
from  the  skin,  renders  it  advisable  to  use  antiseptics  as  a  routine  measure.  We  have 
employed  each  of  the  above-mentioned  with  success.  The  question  of  antiseptics  will 
be  further  discussed  under  a  separate  heading. 

Except  in  cases  when  the  bacteriologist  has  reported  the  presence  of  hajmolytic 
streptococci  in  the  first  culture  (taken  before  operation),  our  practice  has  been  to  close 
the  wound  in  from  two  to  four  days,  provided  that  it  appears  clean  and  healthy  when 
dressed,  and  the  patient's  general  condition  is  satisfactory.  The  suturing  has  been 
performed  usually  under  gas  and  oxygen,  but  several  operations  have  been  satisfactorily 
carried  out  under  Gwathmey's  method  of  oral  anaesthesia. 

If  it  is  decided  to  postpone  suturing  still  further,  a  culture  or  smear  is  taken, 
and  the  wound  re-dressed.  Except  in  the  presence  of  streptococci,  our  practice  has  been 
to  rely  on  clinical  indications  rather  than  on  bacteriological  findings.  If  haemolytic 
streptococci  are  present  in  the  first  culture,  we  do  not  attempt  suture  till  the  patient's 
temperature  has  been  normal  for  some  days,  till  his  wound  looks  clean  and  healthy, 
and  till  smears  taken  from  it  give  a  count  of  not  more  than  one  coccus  per  field.  This 
rule  does  not  apply  to  amputations  performed  through  uninfected  tissue  above  an  infected 
wound  :  the  stump  can  usually  be  safely  closed  in  two  or  three  days.  We  find  that  a 
wound  infected  with  haemolytic  streptococci  does  not  often  reach  the  suture  stage  for 
about  fourteen  days. 

The  healing  of  wounds  closed  a  few  days  after  the  primary  operation  appears  to  us 
to  be  nearly  equal  to  the  results  obtained  by  immediate  suture. 

The  softness  and  pliability  of  the  scars  obtained  by  these  methods,  the  absence  of 
hard  contracting  masses  of  fibrous  tissue  and  of  pain  and  tenderness  at  the  site  of  the 
wound,  and  the  rapid  recovery  of  function,  form  a  marked  contrast  with  the  results  so 
often  seen  when  wounds  have  been  allowed  to  heal  by  granulation. 

After-Treatment  of  Compound  Fractures.  —  From  inquiries  at  the  base  and  in 
England,  we  understand  that  fractures  travel  best  within  the  first  few  days  after  operation 
at  the  C.C.S.,  or  in  their  later  stages,  on  the  other  hand,  after  some  degree  of  union  ha? 
been  obtained.  Patients  who  travel  in  the  intermediate  stages  are  liable  to  develop  sever* 
outbreaks  of  sepsis.  We  have  therefore  kept  our  compound  fractures  at  the  CCS.  fo 
a  considerable  time,  in  many  cases  till  firm  union  has  taken  place. 

Two  huts  were  equipped  with  suspension  apparatus  in  the  following  manner  :  l-ii. 
iron  piping,  hung  by  brackets,  was  run  along  the  whole  length  of  the  hut,  in  a  vertial 
plane  1  in.  beyond  the  cnd^  of  the  beds  ;  on  a  level  with  this,  S^-in.  by  1-in.  plankir^,  , 
with  notches  cut  in  its  upper  border  at  4  in.  intervals,  was  nailed  to  the  wall,  also  aloig 
the  whole  length  of  the  hut.  A  number  of  movable  cross-pieces  were  made,  of  3j-n. 
plank,  one  end  of  which  rested  in  the  notches  and  the  other  on  the  iron  piping.  A 
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firm  bar,  which  could  be  placed  in  such  a  position  over  the  patient's  bed  as  to  obtain 
any  degree  of  abduction  required,  was  thus  provided  for  suspension  of  the  lower  limb. 
Vertical  bars  were  also  made,  with  a  notch  to  fit  on  to  the  iron  piping,  and  of  such  .a 


Fit;,  si.— Showing  a  hut  with  suspension  equipment. 


length  that  with  the  notch  in  position  they  reached  the  floor  with  a  slight  inclination 
away  from  the  foot  of  the  bed.  Weight  extension  was  obtained  by  means  of  pulleys 
attached  to  the  vertical  bars  at  any  level  required  (Fig.  82). 

Individual  Fractures- — Femur. — Fractured  femurs  were  treated  on  Thomas  splints, 
generally  bent  opposite  the  knee  to  a  greater  or  less  extent  according  to  the  displacement 
to  be  rectified.  In  most  cases  a  fixed  extension  was  used  by  means  of 
glue  and  strips  of  gauze.  This  was  usually  supplemented  by  weight 
extension  attached  to  the  end  of  the  splint,  in  order  to  relieve  pressure 
of  the  ring  on  the  tuber  ischii.  In  one  case  in  which  considerable  flexion 
of  the  knee  was  necessan,-,  and  large  wounds  prevented  the  application 
of  glue  or  plaster,  weight  extension  was  obtained  by  the  use  of  the  caliper 
invented  by  Major  Besley,  U.S.R. 

Tilna  and  Fibula. — ^These  were  commonly  treated  on  slightly  flexed 
Thomas  splints  with  the  addition  of  a  Sinclair 
foot-piece  for  extension.  Hey  Groves's  skele- 
ton inclined  plane  with  foot-piece  was  also  used. 
Humerus  and  Elbow. — These  fractures  were 
always  treated  with  the  elbow  flexed  at  right 
angles,  generally  from  the  beginning,  and  if 
not,  after  the  first  few  days.  In  the  early 
stages  shutter  spUnts  were  sometimes  used, 
and  the  limb  was  suspended  by  flannel  strips 
from  an  iron  wire  trai)eze  in  the  position  of  full  abduction  of  the  shoulder.  The  trapeze 
itself  was   suspended   by   weight    and   pulley.     Later   these   fractures   were   put   up   in 


Fig.  83. 


-Kight-angied  TSiomas  splint 
for  biunerDS. 
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Fia  84. — PRIMARY  SVTCRE  (B.I.PJ.)-  Shell  wound 
both  battcK^;.  excision  and  suture;  healing  by  first 
intention. 

INFECITOS' :  Aerobit,  short  noa-hamolytic  strepto- 
cocci ;    a/iaerobie,  negative. . 


Fig.  85. — Primary  Suture  (Dichloramisb-T).  Shell 
wounds  left  fiiigh,  and  through-and-through  ri^t  calf  ; 
excised  and  sutured  ;    healing  by   first  intention. 

Infection  :  Anaerobic,  gas-forming  bacilli ;  aerobic, 
staphylococci  and  bacilli. 
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Fia.  86. — ^Primary  Suture  (B.I.P.P.).  Bullet  wound 
right  knee  (not  penetrating  joint);  excised  and  sutured  ; 
healing  by  first  intention. 

Infection  :  Aerobic,  staphylococci  and  non-hjemo- 
lytic  streptococci ;    anaerobic,  negative. 


Pig.  87. — Primart  Suture  (Ether).  Shell  wound 
right  thigh,  track  6  in.  long  x  li  in.  deep  ;  excised  and 
sutured  ;    healing  by  first  intention. 

INFECTION  :  Aerobic,  bacilli  and  short  non-luemolytic 
streptococci;   araa«ro6ic,  B.Welchii. 
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Fio.  88.— PRIMARY  Suture  (B.I.P.P.) ;  Compound 
Fracture.  Shell  wound  foot ;  compound  fracture  4th 
and  5th  metatarsals,  cuboid,  and  internal  cuneiform ; 
Vonnd  excised  and  left  open ;  sutured  completely  on 
t&trd  day  ;    complete  heaUng. 

C(;i<TURF^:    Negative. 


Fig.  89.— Primary  suture  and  Tendon  Suture 
(BI.P.P.);  Compound  Fracture.  Shell  wound  right 
ankle  ;  compound  fracture  astragalus,  division  of  tibialis 
anticus  and  extensor  longus  hallucis  tendons ;  excision 
of  wound,  suture  of  tendons,  primary  suture  ;  healing 
by  first  intention. 

Infection  :    Aerobic,  bacilli ;    anaerobic,  negative. 
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Thomas   splints  bent  at   right  angles   at  the    elbow  {Fig.  83),  with  fixed  extension  by 
means  of  glue  and  gauze  strips. 

Forearm. — Hey  Groves's  open  wire  splint  was  found  satisfactory  in  the  treatment  of 
these  fractures.     By  its  means  the  position  of  supination  is  easily  obtained. 

If  extreme  care  be  exercised,  we  believe  that  no  serious  disaster  should  occur  as  the 
result  of  early  suture,  though  to  estimate  accurately  the  amount  of  damage  done  by 
primary  suture  to  a  patient  whose  wounds  are  infected  with  xirulent  streptococci  is  a 
difficult  matter.  As  far  as  we  have  seen,  if  the  stitches  are  taken  out  in  good  time,  little 
harm  has  resulted  from  the  wound  having  been  closed  for  a  short  period.  It  is  certain, 
however,  that  imdue  delay  in  re-opening  these  wounds  would  inevitably  lead  to  grave 
disasters. 

The  accompanying  series  of  Charts  (Figs.  84-104)  is  illustrative  of  the  clinical  course 
of  wounds  treated  by  these  methods,  and  includes  varying  types  from  simple  flesh  wounds 
to  severe  compound  fractures  and  amputations.  Failures  due  to  virulent  infection  are 
shown,  as  well  as  cases  in  which  union  per  primam  has  been  attained. 

A  number  of  skiagrams  and  drawings  are  also  given,  showing  some  of  the  wounds 
which  have  been  sutured  with  more  or  less  success  {Figs.  105-125). 


II.  STATISTICAL    SUMMARY. 

1.  GeneraL — The  total  number  of  wounded  men  admitted  to  the  C.C.S.,  from  Dec. 
27,  1917,  to  March  1,  1918,  was  498. 

Cases  unsuitable  for  .suture        . .  . .      195  =  39*2  per  cent 

Cases  entered  on  list  for  suture  . .     303  =  60-8    „       „ 

Of  the  303  cases  entered  on  the  research  list,  primary  or  subsequent  suture  of 
their  wounds  was  actually  carried  out  in  285. 

In  13  cases,  it  was  found  impossible  to  close  the  wounds  within  a  reasonable  time 
after  operation,  on  account  of  loss  of  tissue  or  of  severe  sepsis. 

Of  the  patients  on  the  research  list,  7  died,  4  before  any  attempt  had  been  made  to 
suture  their  wounds,  and  3  subsequently  to  complete  or  partial  suture. 

The  mortality  amongst  the  285  cases  whose  wounds  were  sutured  amounted  there- 
fore to  3,  or  about  1  per  cent. 

Total  cases  sutured    .  .  . .  . .  285 

Cases  still  incomplete  for  report         . .  . .  . .     13 

Secondary  sutures  not  included  in  report        . .  . .       8 

—     21 

Total  eases  reported  on  (including  3  patients  who  died)  264 

The  number  of  wounds  in  the  264  cases  amounted  to  315  ;  for  the  purposes  of  this 
report  it  is  convenient  to  consider  each  wound  as  a  separate  entity,  and  the  following 
figiures  refer  to  wounds  and  not  to  indi^•idual  patients  (with  the  exception  of  No.  2). 

2.  Interval  between  Wound  and  Operation. — 

Average  interval  in  all  cases  ..  ..  11-7  hours 

„  „       in  successful  cases  . .  10-7       „ 

.    „  „        in  failures  . .  . .         12*1       „ 

The  earliest  successful  primary-  suture  was  p>erformed  two  and  a  half  hours  after 
infliction  of  the  wotmd,  and  the  latest  (for  a  slight  wound  of  the  arm)  thirty-seven  hours 
afterwards. 
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Fio.  90.— PRiMART  Suture  (B.I.P.P.);  CkiMPOUND 
Fracture.  Sboll  wounds  elbow  and  buttock  ;  compound 
fracture  humerus  and  ulna  into  joint ;  buttock  wound 
excised  and  sutured  ;  elbow  wound  excised  and  fracture 
cleaned ;    healing  by  first  intention   in    both  cases. 

iNPEcnox  :  Elbow — Anaerobic,  bacilli  without  gas  ; 
aertibie,  long  streptococci  (non-hasmolytic).  Buttock — 
Anterobic,  B.  Welchii.  streptococci ;  aerobic,  short  non- 
hsnnolytic  streptococci,  staphylococci. 


Fig.  91. — PRIMART  Suture  (Fther);  Cosipound 
Fractured- Humerus.  Severe  comminuted  fracture  of 
humerus,  with  wounds  of  arm  and  forearm  ;  wounds 
excised  and  fracture  cleaned,  complete  suture ;  healing 
by  first  intention. 

INFECTION:  4naero6(C,  bacilli  without  gas;  aerobic, 
negative. 
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Fig.  92.— PRIMART  SUTURE  (SALINE);  DELAYED 
PRIMARY  SUTURE  (FLAVINE).  Shell  wounds  left  thigh 
and  buttock,  and  left  arm  ;  wounds  excised ;  buttock 
wound  left  open  and  packed  with  flavine  ;  arm  wound 
sutured  witliout  antiseptic ;  buttock  wound  sutured 
after  48   hours  ;    both  wounds   healed  completely.  ^-| 

INFECTION  :    Arm  wound — negative.     Buttock  wound 

Anaerobic,  gas-forming   bacilli ;   aerobic,  non-hsemolytic 

streptococci. 


Fig.  93.— Delayed  Primary  Suture  (Flavdje). 
Through-and-through  woimd  of  calf  ;  excised  and  left 
open,  packed  with  flavine  gauze ;  sutures  inserted  at 
primary  operation  but  not  tied  ;  sutures  tied  48  hours 
later ;    complete  healing. 

INFECTION  :  Anaerobic,  gas-forming  bacilli ;  aerobic, 
long-chained  non-haemolytic  streptococci. 
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Fig.  9}.— Delayed  Primary  suture  (Flavine). 
Shell  wound  forearm,  foreign  body  firmly  embedded  in 
ulna ;  wound  excised  and  foreign  body  removed,  left  open 
and  dressed  with  flavine  gauze  ;  sutured  on  third  day  ; 
nealing  by  first  intention. 

Infection  :  Anaerobic,  cocci ;  aerobic,  non-hamo- 
lytic  streptococci. 


Fig.  95. — DELAYED  SUTURE  ;  COMPOUND  FRACTURED 
Humerus.  Shell  wound  of  arm  ;  comi)ouiid  fracture  of 
humenis  ;  wound  excised  and  left  open  ;  flavine  pack  third 
day  ;    suture  ;    healing  by  first  intention, 

INFECTION  :   Anaerobic,  cocci ;   aerobic,  negative. 
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3.  Primary  Suture. — 

Complete  primary  union      . .  . .     146  )_  ^  . 

Partial  „  „  . .       33  )  ~  *"  ^^  **"* 

Failures  . .  . .  . .       45      =  20     „       „ 

Total  wounds      224 

4.  Delayed    Primary  Suture. — 

Complete  primary  union     . .  •  •       78  )       „„  . 

Partial  „     '       „  ..       jq  ^  =  96  per  cent 

Failures  . .  4     =    4     „     „ 

Total  wounds      98 

5.  Comparison  of  Results  of  the  Use  of  Antiseptics,  etc — 

No  Antiseptic. 
Primary  suture  :  Primary  union  (complete  or  partial)  . .  . .     37 

Failures      . .  . .  . .  . .  . .       4 

Total  wounds     41 
Soap. 

Primary  suture :   Primary  union  (complete  or  partial)  . .  . .     22 

Failures       . .  . .  . .  . .       7 

Total  wounds     29 
Ether. 

Primary  suture  :  Primar>-  union  (complete  or  partial)   . .  . .     46 

Failures       . .  . .  . .       9 

Total  wounds     55 

Fl^VINE. 

Immediate  suture  :  Primary  union  (complete  or  partial)  . .     24 

Failures    . .  . .  . .  . .  . .       4 

Total  wounds     28 

Delayed  suture  :  Primar>'  luiion  (complete  or  p>artial)  . .  . .     60 

Failures        . .  . .  . .  . .  . .       3 

Total  wounds     63 
B.I.P.P. 


Immediate  suture :  Primarj'  union  (complete  or  partial) 


O'^ 


Failures    . .  . .  . .  . .  . .      16 

Total  wounds     68 

Delayed  suture  :  Primarj-  union  (complete  or  partial)   . .  . .     31 

Failure  . .  . .  . .  . .  . .        1 

Total  wounds     32 

The  number  of  wounds  treated  by  dichloramine-T  is  at  present  so  few  tliat  we  have 
not  included  them  in  the  statistics  of  antiseptics. 

These  figures  are,  obviously,  too  small  to  form  a  basis  for  comparison  of  the  value 
of  the  different  substances  used.  Large  numbers  would  be  necessary  in  order  to  eliminate 
coincidence,  seeing  that  the  severity  of  the  wounds  and  the  nature  of  the  infection  are 
so  variable.  Further,  the  natural  tendency  of  every  surgeon  is  to  use  the  antiseptic  in 
which  he  has  the  most  confidence  in  the  treatment  of  severe  woimds.  Thus,  with  a  few 
exceptions,  only  the  slighter  wounds  have  been  treated  without  antiseptics,  and  this  may 
account  for  the  results  without  antiseptics  being  the  best  (90  per  cent  of  successes). 

As  regards  immediate  suture,  fla\-ine  and  ether  come  next  (86  and  84  per  cent  of 
successes),  then  soap  and  B.I.P.P.  (about  76  per  cent).  No  particular  importance  can, 
we  think,  be  attached  to  these  figures. 

Regarding  delayed  suture,  the  figures,  as  far  as  they  go,  show  a  decided  superiority 
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Fig.  96. — Delayed  Primary  Suture  (Flavine)  ; 
Amputation  op  Thigh.  Shell  wounds  both  lower  limbs ; 
on  left  side  severe  compound  fractured  femur  and  cam- 
pound  fractured  tibia,  with  divided  posterior  tibial  art«-ry ; 
on  right  side  compound  fractured  tibia.  Amputation 
through  junction  of  upper  and  middle  third  of  left  thigh 
by  long  antero-external  and  short  postero-internal  flaps  ; 
wound  packed  with  flavine  gauze  and  left  open  ;  right 
leg,  wounds  excised  and  left  open.  Suture  of  amputation 
wound  on  third  day.  Complete  healing ;  good  painless 
stmnp-  three  weeks  later.  Right  leg  left  to  granulate 
owing  to  loss  of  skin. 

INFECTION  :  Anaerobic,  gas-forming  bacilli ;  aerobic, 
bacilli  and  short  non-haamolytic  streptococci. 


Fig.  97. — DELAYED  SUTURE  ;    COMPOUND  FRACTURED 

Humerus  ;  Amputation  op  Thigh  ;  Through-and- 
THROUGH  Wound  Buttock.  Shell  wounds  arm— com- 
pound fractured  humerus  ;  knee — joint  shattered  ;  and 
buttock.  Excision  of  wound  in  arm,  cleaning  of  fracture  ; 
amputation  through  knee-joint ;  both  wounds  left  open 
and  packed  with  flavine  gauze ;  excision  of  buttock 
wound,  left  open  with  B.I.P.P.  pack.  Third  day,  re- 
amputation  of  thigh,  lower  third ;  suture.  Fifth  day, 
arm  and  buttock  wounds  sutured.     Complete  healing. 

Infection  :  Arm — negative.  Leg — Anaerobic,  gas- 
forming  bacilli ;  aerobic,  haamolytic  streptococci  and 
bacilli.     Buttock— no  culture. 


m  110  io«  jv>,iii.io«ik)g  9<>  96  |iog|' 
IIP  '  110790 'JiiTiio  no' 100191^100! 90  \a6' 


Fig.  98. — DELAYED  Suture  ;  Compound  Fractihied 
Tibia  and  ulna.  Shell  wounds  of  arm  and  leg  ;  com- 
poond  fracture  of  tibia  and  ulna ;  wounds  excised  and 
left  open  with  B.I.P.P.  pack  :  arm  sutured  on  fifth  day, 
leg  on  7th  day  ;    complete  healing. 

INFECTION  :  Anaerobic,  gas-forming  bacilli ;  aerobic, 
non-hamolytic  streptococci. 


Fig.  99. — DELAYED  Suture  ;  Syme's  Amputation. 
Bullet  wound  foot ;  comminution  of  tarsal  bones  ;  Syme's 
amputation  ;  wound  left  open  (B.I.P.P.)  ;  sutured  third 
day  ;    healing  by  first  intention  ;    excellent  stump. 

INFECTION  :  Anaerobic,  cocci ;  aerobic,  staphylococci 
and  non-haaraolytic  streptococci. 


Fig.  lOO.'— Failure  of  Primary  Suture.  Shell  wound, 
through-and-through,  of  right  leg,  with  explosive  exit ; 
excised  and  sutured  (ether)  ;  complete  f  aHure,  all  sutures 
removed  on  third  day. 

INFECTION  :  Aerobic,  long-chained  haamolytic  strepto- 
cocci ;   anaerobic,  pres^ent. 
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FIG.  101.— Failure  of  Primary  suture.  Small  shel 
wound  right  thigh ;  wound  excised  completely  with 
foreign  body  in  it  (ether) ;  complete  failure,  all  sutures 
taken  out  on  third  day. 

INFECTION  :    Long-chained  haemolytic  streptococci. 
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FIO,  102.— FAILiniE  OP  PRMABT  SUTnRE  ;  STREPTO- 
COCCAL Infection  of  knee-joint.  Ballet  wound  over 
head  of  riglit  fibula  ;  no  evidence,  r-ray  or  <rther\*ise, 
of  communication  with  knee-joint ;  wound  excised,  with 
bullet,  and  sutured  without  antiseptic.  Culture  report, 
infection  by  liaemolytic  streptococcus.  Wound  opened 
up  immediately.  Third  day,  effusion  into  knee-joint  ; 
fluid  withdrawn  by  syrinire  contained  haemolytic  strepto- 
cocci. Fourth  day,  joint  opened  by  separate  incision, 
washed  out  with  flavine,  and  sutured.  Kecovery  ;  super- 
ficial suppuration  in  operation  wound. 


Fig.  103. — FAUitiRE  OP  Primary  Sitire  :  Subsequent 
Successful  Secondary  suture.  Tlirougli-aud-through 
wound  of  thiifh,  with  extensive  laceration  of  hamstrings 
and  exposure  of  sciatic  nerve ;  track  excised  as  far  as 
possible,  anterior  wound  sutured,  posterior  wound  left 
open ;  suppuration,  removal  of  stitches  on  third  day, 
treated  as  an  open  wound  with  B.I.P.P. ;  sutured  on 
fourteenth  day  ;    complete  healing. 

Infection  :    Anaerobic,  gas-forming  bacilli ;    aerobic, 
bacilli,  streptococci  (non-hsMnoIytic). 


Fig.  104. — Contrast  of  Wound  Intected  by 
HJEMOLYTic  Streptococcus  with  Non-infkctkd  Wound. 

Case  A . — Throu<rh-and-through  wound  tlugh  ;  excised 
and  sutured  (llavine). 

Case  B. — Through-and-through  bullet  wound  forearm, 
compound  fracture  ulna ;    excised  and  sutured  (soap). 

The  condition  of  these  two  patients  on  the  morning 
following  operation  was  almost  identical  as  regards 
temperature  and  pulse  ;  both  were  in  pain^both  were 
sweating  and  feeling  ill.  The  culture  from^^^howing 
htemolytic  streptococci,  his  wounds  were  at  once  opened 
and  found  to  be  acutely  septic.  B's  culture  being  reported 
negative,  the  wound  was  not  even  dressed  :  result,  healing 
by  first  intention. 
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over  the  results  given  by  immediate  suture.     The  explanation  of  this  will  be  referred  to 
under  "  Bacteriology  in  Relation  to  Results." 

6.  Compound  Fractures  treated  by  Suture. — Of  compound  fractures,  71  have  been 
sutured  either  immediately  or  after  the  lapse  of  a  few  days. 


immediate  Scturk 

DK.LATED  SrXUEE 

To'al 

Sarce»s 

Failnra 

Total 

Success 

Fiulnre 

Upper  Extremity 

Humerus   . . 

4 

3 

1 

8 

7 

1 

Elbow  (humerus  and  ulna) 

2 

1 

1 

— 

[            — 

— 

Ulna           

2 

1 

i 

3 

3 

— 

Radius 

2 

I 

1 

2 

2 

— 

Metacarpus 

2 

2 



2 

1 

1 

Lower  Extremity 

Femiu- 

9 

3 

6 

1 

— 

1 

Tibia  and  Fibula 

2 

1 

1 

1 

1  (partial) 

— 

Tibia           

9 

7 

2 

6 

6 

— 

Fibula 

2 

2 

— - 

3 

3 

— 

Patella 

I 

1 

— 

— 

— 

— 

Tarsus        

2 

2 

— 

3 

3 

— 

Metatarsus 

— 

— 

— 

4 

4 

— - 

Phalanges  of  toes 

— 

— 

— 

1 

1 

— 

Totals 

37 

24 

13 

34 

31 

3 

(65  per  cent) 

(35  per  cent) 

(90  per  cent) 

(10  per  cent) 

VOL.    VI. — NO.    21. 
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Fig.  105. — Fracture  of  liumerus  and  ulna ;  piece  of 
met-al  in  elbow-joint  partly  embedded  in  ulna.  Primary 
suture  (B.I.P.l'.).     I£ealed  by  lirst  intention. 


Fig.     100. — Comminution     of    humerus.    Primary 
suture  (B.I.P.P.).    Healed  by  first  intention. 


yiG.  107. — nunieru.«  fractured  by  impact  of  larsre 
fragment  of  shell  which  entered  forearm  and  patiscd  into 
upixT  arm.  Primarj-  suture  (I5.I.1M'.).  Healed  by  lirst 
intention 


Fig.  108. — Comminution  of  second  metatarsal, 
laycd  suture  (B.I.P.P.).    Complete  licaling. 


De- 
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7.  Wounds  of  Joints. — 

Elbaiv. — 2  cases. 

Both  these  were  compound  fractures  of  the  humerus  and  ulna  involving  the  joint  : 
both  were  treated  by  primary  suture — one  healed  by  first  intention,  the  other  suppurated, 
but  the  patient  left  the  CCS.  in  good  condition  with  his  wound  granulating. 

Ankle. — 3  cases. 

a.  Through-and-through  wound  involving  the  ankle-joint — compound  fracture  of 
astragalus  and  division  of  the  tibialis  ant icus  and  extensor  longus  hallucis  tendons  ;  suture 
of  tendons  and  immediate  closure  of  wound  ;  primary  union  ;   good  movement  of  joint. 

b.  Through-and-through  wound  involving  the  ankle-joint — compound  fracture  of 
astragalus  ;    delayed  suture  ;    healing  per  primam  ;    good  movement  of  the  joint. 

c.  Compound  fracture  of  the  lower  end  of  the  tibia  involving  joint  ;  immediate 
suture  ;    primary  union. 

Knee. — 17  cases. 

a.  Fracture  of  one  or  more  bones  entering  into  the  joint.  11  cases.  These  were  treated 
by  immediate  suture  :  6  were  completely  successful ;  5  suppurated — amongst  the  latter  3 
recovered  without  loss  of  limb,  and  2  were  amputated.  One  of  the  amputation  cases 
died  of  shock  and  toxaemia  from  an  acute  spreading  streptococcal  infection  of  the  inter- 
muscular planes  of  the  thigh. 

b.  Without  fracture,  6  cases.  Of  these,  5  were  treated  by  immediate  suture,  including 
one  in  which  the  patella  was  divided  vertically  in  order  to  remove  a  piece  of  metal  lying 
in  the  intercondyloid  space  behind  the  crucial  ligaments  ;  all  these  healed  by  first  intention. 
One  case  in  which  there  was  extensive  gas  infiltration  of  the  muscles  of  the  thigh  was 
treated  by  suture  of  the  capsule,  the  external  wound  being  left  open.  Sloughing  of  the 
sutured  capsule  took  place  after  some  days,  allowing  infection  to  spread  into  the  joint ; 
amputation  became  necessary-,  after  which  a  good  recovery  took  place. 

8.  Amputations 

Immediate  Suture. — 6  cases. 

Thigh  2  ;  leg  2  ;  toes  1  ;  fingers  1.  Of  these  cases,  4  healed  per  primam,  and  2  were 
failures  (1  thigh  and  1  leg). 

Delayed  Suture. — 17  cases. 

Of  these,  12  healed  completely  by  first  intention,  and  5  with  slight  suppuration  ; 
none  failed. 


Healed  by  primary 

union 

completely. 

Healed  with 

slight  suppuration. 

Thigh  by  musculo-cutaneous  flaps 
Carden 

4 
2 

Thigh 
Leg 

.. 

2 

1 

Stokes-Gritti 

1 

Syme 

1 

Leg 

3 

Arm 

1 

Syme 
Forearm 

Total 

1 
1 

12 

Total 

5 

9.  Deaths   amongst  Patients  on  Research  List.^ — 

Cases  Sutured. 

1.  Compound  fractured  femur  ;  anterior  wound  partly  sutured  ;  posterior  wound 
left  widely  open  :    acute  gas  infection. 

2.  Compound  fracture  of  the  inner  condyle  of  femur  and  tuberosity  of  tibia  involving 
the  knee-joint  ;  suture  ;  acute  infection  by  haemolytic  streptococci  ;  amputation  ;  death 
from  shock  and  toxaemia. 

3.  Shell  wound  of  thigh  exposing  the  femoral  vessels  ;  cleaned  and  left  open  ;  partial 
delayed  suture  on  seventh  day ;    secondary'  haemorrhage ;    amputation  ;    death  from  shock. 

Cases  not  Sutured. 

1.  Comminuted  fracture  of  left  leg,  and  multiple  wounds  ;  amputation  ;  death  from 
shock. 

2.  Gunshot   wound   of  thigh ;    excised  ;   while   coming   round   from   the   anaesthetic 
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Fig."  109. — Comminuted  fracture  of  tibia  ;  forei|?n 
body  embedded  in  fracture.  Delayed  suture  (B.I.P.P.). 
Complete  healing. 


Fig.   110. — Comminuted  fracture  of  humerus, 
layed  suture  (flavine).     Complete  healing. 


De- 


FIG.  111. — Femur  fractured  by  bullet.  Missile  removed;  wound  sutured 
without  antiseptic ;  track  not  touched.  Healed^  by  first  intention.  Bone  well 
united  without  shortening  In  five  weeks. 
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patient  vomited  '^and  inhaled  a  large  quantity  of  meat  into  his  trachea  ;  immediate 
tracheotomy  :  death  six  hours  later  from  epileptiform  con^•ulsions ;  post-mortem  revealed 
collapse  of  both  lungs. 

3.  Shattered  knee-joint  and  multiple  wounds ;  transfused  with  blood  twice ; 
amputation  ;  wounds  infected  with  haemolj-tic  streptococci ;  death  aft-er  three  weeks 
from  general  streptococcal  infection 

4.  Compound  fracture  of  femur;  wound  excised  and  left  open;  infection  by  haemo- 
Ij-tic  streptococci  ;    death  from  septicaemia. 

10.  Bacteriology  in  Relation  to  Results. — Of  224  woimds  sutured  primarily,  cultures 
werefmade  in  215.  Of  the  latter.  21  (9*7  per  cent)  were  negative;  all  these  healed 
completely  by  first  intention.  The  remaining  194  (90-3  per  cent)  were  infected  with 
anaerobes,  streptococci,  or  other  organisms  mentioned  in  the  bacteriologists'  reiK>rt. 

The  relationship  of  the  individual  organisms  to  success  or  failure  is  in  most  cases 
imp>ossible  to  determine  exactly,  as  the  infection  is  generally  mixed.  In  the  194  infected 
wounds  treated  by  immediate  suture,  anaerobes  occurred  in  119  (61-3  per  cent),  non- 
haemol\i:ic  streptococci  in  62  (32-4  per  cent),  haemolji;ic  streptococci  in  20  (10'3  per  cent), 
and  other  organisms  in  95  (48-9  per  cent). 


So.    OF 
WOUXDS 

Hkai.ki>  bt 
Pbixakt  rsiox 

FAHEn 

119 

62 
20 
95 

88  ("3-9  per  cent) 

44  (70-9  per  cent) 

1  (  5-0  per  cent) 

64  (67-2  per  cent) 

31 
18 
19 
31 

(26-1  per  cent) 
(29-1  per  cent) 
(95-0  per  cent) 
(32-8  per  cent) 

Anaerobes   . . 

Xon-ha?raolytic  streptococci 
Ha?niolytic  streptococci    . . 
Other  organisms    . . 


The  general  conclusion  to  be  drawn  from  these  figures  is  that  wounds  infected  by 
the  haemoh'tic  streptococcus  nearLc  always  become  septic,  while  a  large  proportion  of 
wotmds  infected  in  other  ways  heal  by  first  intention.  Failure  took  place  in  only  one  case 
of  primarj'  suture  which  was  infected  by  anaerobes  alone  ;  in  this  case  a  muscle  flap  used 
for  fiUing  a  bone  ca\ity  sloughed  and  a  gaseous  abscess  developed  in  the  wound. 

Streptococcal  Infection. — Only  one  case  infected  by  haemoh-tic  streptococci  (a  small 
wound  jjenetrating  the  knee-joint  without  damage  to  bone)  healed  by  first  intention  ; 
all  the  rest  suppurated,  many  of  them  violently  and  with  severe  constitutional  disturb- 
ance. Infections  by  non-haemolytic  streptococci  as  a  general  rule  appear  to  be  less 
\irulent.  As  shown  by  the  above  figures,  a  considerable  proportion  of  wounds  containing 
these  organisms  healed  by  first  intention.  AMien  failure  occurs,  the  suppuration  is  usually 
milder  than  that  characteristic  of  the  haemoh'tic  streptococcus.  Sometimes,  however, 
the  non-haemohi:ic  streptococcus,  in  association  with  other  organisms,  appears  to  set  up 
sepsis  of  a  ver\-  severe  t>'pe.  Although  only  one  case  infected  by  these  streptococci  alone 
has  failed  to  heal  by  first  intention,  our  clinical  experience  leads  us  to  look  on  their 
presence  with  suspicion  when  anaerobes  and  other  bacteria  accompany  them. 

Delayed  Primary   Suture. — The  4  cases  of  delayed  suture  which  &iled  were  infected 

as  follows  : — 

1  wound  with  anaerobes  and  non-hjemolytic  streptococci 

1  „  „  „  „       haemolytic  streptococci 

2  wounds    „  „  „       staphylococci 

The  advantage  which  delayed  suture  offers  as  compared  with  inunediate  suture 
depends  on  the  knowledge  of  virulent  infection  gained  during  the  inter\'al  while  the  wound 
is  open.  Even  if  a  bacteriological  examination  has  not  been  made,  the  appearance  of 
a  Airulently  infected  wound  when  first  dressed  forty-eight  or  seventy-two  hours  after 
operation  is  usually  distinctive,  and  it  is  not  sutured.  In  this  way  the  proportion  of 
failures  after  delayed  suture  should  be  reduced  to  a  ver>-  small  percentage. 

While  no  antiseptic  which  we  have  tried,  either  in  open  or  closed  wounds,  appears 
to  us  to  have  any  appreciable  effect  on  the  growth  of  the  haemolytic  streptococcus,  the 
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riG.  112. — Fracture  of  head  and  splitting  of  shaft  of  third  metacarpal.     Primary  suture  (soap). 
Healed  by  first  intention. 


FIG.    11.3. — Compound  fracture  of  fourth  and  fifth  metatarsals,  external  cuneiform,  and  cuboid. 
Delayed  suture  (B.I.P.P.).    Complete  healing. 
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following  statement  of  the  results  of  the  use  of  flavine  points  to  the  probability  that 
chemical  antiseptics,  when  applied  to  the  surface  of  open  wounds  infected  with  bacteria 
of  less  virulence,  may  fulfil  a  useful  function. 

11.  Use  of  Flavine  in  Delayed  Suture. — In  35  cases  in  which  the  wound  was  packed 
with  gauze  soaked  in  flavine  solution  (1-1000),  and  in  which  the  original  culture  showed 
the  presence  of  infection  (other  than  haemolytic  streptococci),  smears  taken  from  the 
wound  on  the  second  or  third  day  prior  to  suture  were  examined,  and  in  31  cases  no 
organisms  could  be  found.  It  appears  probable,  therefore,  that  fla\ine  used  in  this 
way  acts  definitely  as  a  germicide.  We  have  imfortunately  no  control  experiments  on 
wounds  left  open  and  packed  with  gauze  without  the  addition  of  any  antiseptic. 

We  have  found  it  advisable  to  discontinue  the  use  of  flavine  solution  after  four  or 
five  days,  as  wounds  treated  continuously  with  this  substance  for  longer  periods  tend 
to  become  covered  with  a  layer  of  coagulated  lymph  or  necrosed  tissue  in  which  bacterial 
growth  appears  to  flourish. 

L'sed  in  the  early  stages  and  for  a  limited  time,  flavine,  in  our  exjjerience,  gives 
satisfactory'  results. 

12.  Sterility  of  Bullet  Tracks. — We  have  found  that  the  narrow  track  of  a  bullet  which 
has  passed  into  or  through  a  limb,  without  producing  an  'explosive'  effect  by  spinning  or 
striking  a  bone,  is  usually  sterile,  and  that  operation  on  woimds  of  this  t\7)e  is  unnecessary. 

Further,  we  have  found  that  where  the  entrj-  wound  and  part  of  the  track  are  clean 
and  narrow,  while  the  exit  is  lacerated,  only  the  exit  wound  is  likely  to  be  infected.  In 
such  a  case  operation  should  be  limited  to  a  careful  cleansing  of  the  exit  wound,  damaged 
tissue  being  removed  only  till  the  orifice  of  the  narrow  track  is  exj>osed.  A  culture  taken 
by  introducing  a  swab  into  the  latter  will  probably  be  negative,  and  this  part  of  the 
wound  need  not  be  interfered  with. 

III.   BACTERIOLOGICAL    REPORT. 

Bv  Captaix  Adrian  Stokes  and  Ma.ior  W.  H.  Tytler. 

Collection  of  Material. — The  material  was  cobected  from  the  wounds  at  the  time 
of  operation,  after  the  skin  surface  had  been  cleansed  with  salt  solution,  but  before  any 
antiseptic  had  been  applied,  and  before  the  interior  of  the  wound  had  been  disturbed. 
A  guarded  swab  was  used,  made  by  placing  a  long  stout  wire  wrapped  at  the  end  with 
cotton-wool  in  the  ordinary  way  inside  a  narrow  glass  tube  oj>en  at  both  ends  and  about 
half  the  length  of  the  swab  wire.  The  whole  was  sterilized  in  a  plugged  test-tube  (see 
Fig.  81).  For  use,  the  tube,  with  the  swab  still  inside,  was  introduced  into  the  depth 
of  the  wound,  avoiding  contamination  from  the  wound  edges,  the  swab  was  pushed  out 
of  the  tube,  thoroughly  rubbed  about  in  the  wound,  and  again  withdrawn  within  the 
tube  before  remo\ing  the  latter  from  the  wound.  The  tube  and  swab  were  replaced  in 
the  test-tube  and  sent  to  the  laboratory'. 

Cultural  Methods. — After  flaming  the  distal  end  of  the  guard  tube,  the  swab  was 
pushed  out,  and  first  streaked  in  several  lines  over  the  surface  of  a  blood-agar  plate.  It  was 
then  thoroughly  washed  out  in  a  test-tube  containing  about  3  c.c.  of  sterile  salt  solution. 
From  this  emulsion  aerobic  and  anaerobic  cultures  were  made.  Whenever  circumstances 
permitted,  the  cultures  were  set  up  immediately  on  the  receipt  of  the  infected  swab. 

Aerobic  Cultures In  addition  to  the  blood-plate,  about  \  c.c.  of  the  emulsion  firom 

the  swab  was  inoculated  with  a  pipette  into  a  tr>-psin-broth  tube,  the  remainder  being 
used  for  anaerobic  cultures.  The  object  of  the  blood-plate  was  to  obtain  early  e\idence 
of  the  presence  of  haemolj-tic  streptococci.  The  broth  cultm-e  and  plate  were  examined 
after  sixteen  to  twenty  hours"  incubation.  In  the  great  majority  of  cultures  from  which 
a  haemol\-tic  streptococcus  was  obtained,  the  presence  of  this  organism  was  definitely 
evident  on  examination  of  the  original  blood-plate.  The  same  was  true  in  less  degree  of 
non-haemolj-tic  streptococci,  although  there  was  some  danger  of  mistaking  other  organ- 
isms— particularly   M.   tetragenes — for   such   streptococci      Smears  were   made   from   the 
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Fig.  114. — Severe  comminuted  fracture  of  lower  end  of  femur  and  patella.  S«moval  of  patella 
and  loose  fragments  from  condyles  ;  immediate  suture  (H.I.P.P.).  Healed  by  first  intention,  with 
the  exception  of  a  slight  local  suppuration  where  a  hiBmatoma  had  to  be  evacuated. 


Fig.  115. — .Severe  fracture  of  femur  into  knee-joint,  which  was  widely  opened.  I'riniary  sutiu-e 
(without  antiseptic).  Ihe  limb  becominf;  distended  with  gas,  the  sutures  were  removed  from  the  posterior 
wound  after  24  hours,  and  a  pack  of  gauze,  soaked  in  flavine,  was  inserted  ;  48  hours  subsequently 
this  wound  was  again  sutured.  Staphylococcal  infection  of  the  posterior  wound  took  place,  causing 
sappnration.     The  anterior  wound  remained  closed. 

N.B. — In  this  ca.se,  and  in  that  shown  in  Fig.  114,  the  choice  lay  between  closure  of  the  wound 
and  amputation.  AVe  have  reason  to  believe  that  sometimes  a  limb  may  be  saved  by  early  suture 
of  tlie  wound,  which  under  tiie  usual  open  treatment  would  certainty  be  lost. 
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broth  cultures,  and  the  organisms  present,  as  well  as  those  on  the  plate  whose  nature  was 
evident,  were  reported  to  the  surgeons.  In  most  cases,  and  in  all  cases  where  the  broth 
showed  streptococci  and  the  plate  none,  the  broth  culture  was  plated  on  blood-agar.  In 
about  half  of  all  cultures  the  broth  was  again  examined  after  two  days'  growth,  but  in 
only  one  instance  was  a  streptococcus  (in  this  case  haemol\-tic)  found  which  had  not  been 
evident  at  the  first  examination. 

In  all  cultures  the  presence  or  absence  of  streptococci,  and  the  nature  of  those  present, 
were  determined,  and  the  other  aerobes  present  were  also  recorded  in  so  far  as  their  nature 
was  evident  from  the  plate  and  smear.  In  a  consecutive  series  of  165  wounds  the  aerobic 
cultures  were  worked  out  as  fully  as  possible,  each  type  of  colony  on  the  original  plate 
and  on  the  plate  from  the  broth  culture  being  picked  off  and  determined  within  the  limits 
of  the  classification  given  in  Table  4. 

Anaerobic  Cultures. — One  to  two  c.c.  of  the  emulsion  made  from  the  swab  was  planted 
on  Robertson's  meat  medium.  After  incubation  for  sixteen  to  twenty- four  hours  the 
culture  was  examined  microscopically  after  noting  the  presence  or  absence  of  gas  produc- 
tion. The  result  was  reported  as  ''bacilli  with  gas,"'  '"bacilli  with  no  gas,"  and  so  on. 
Those  showing  bacilli  with  gas  formation  were  regarded  as  positive  for  anaerobes,  and 
the  total  figures  given  in  Tables  2  and  3  are  made  up  on  this  basis.  The  bacilli  with  no 
gas  formation  were  regarded,  after  some  experience,  as  aerobes,  even  where  no  growth 
occurred  in  aerobic  culture.  Usually,  in  such  cases,  aerobic  bacilli  were  obtained  on  the 
original  plate  or  on  the  plate  from  the  broth  culture.  About  two-thirds  of  all  cultures 
which  showed  gas  formation  were  further  investigated  as  follows  :— 

After  the  first  examination,  a  subculture  was  made  in  bulk  on  milk  and  an  anaerobic 
plate  was  made.  After  experience  gained  in  the  isolation  of  fifteen  strains  of  B.  Welchii 
by  repeated  plating  and  rapid  passage  through  fluid  media,  it  was  possible  to  recognize 
with  a  considerable  degree  of  certainty  the  colonies  of  B.  Welchii.  The  cultures  recorded 
in  Table  6  as  containing  B.  Welchii  are  those  which  produced  both  tj'pical  colonies  and  a 
typical  'stormy  fermentation"  clotting  in  the  milk  tubes. 

The  positive  milk  cultures  were  then  further  incubated  for  five  to  seven  days,  heated 
to  80^  C.  for  fifteen  minutes,  and  subcultured  into  meat  tubes,  which  were  then  incubated 
for  three  daj's  to  allow  spore-bearing  organisms  to  grow  out.  These  subcultures  were  then 
examined  and  plated.  After  three  days'  incubation  the  plates  were  picked,  and  each  tj-pe 
of  colony  was  subcultured  anaerobically  and  also  aerobically  to  eliminate  aerobic  sporers. 

The  figures  aiven  in  Tnlle  6  for  anaerobic  sporers  represent  only  those  cultures  in 
which  the  final  results  have  been  obtained  up  to  the  moment  of  making  up  the  statistics. 
There  remain  a  series  of  cultures  which  are  still  under  investigation. 

The  percentage  of  spore-bearing  anaerobes  found  is  smaller  than  in  examinations 
carried  out  at  the  base.  The  explanation  of  this  is  obviously  that,  in  the  early  examina- 
tion, sporers,  which  are  more  slow-growing  organisms  than  B.  Welchii  and  the  saccharo- 
lytic  anaerobes,  have  not  had  time  to  multiply  sufficiently  to  be  secured  in  culture. 

The  types  of  anaerobes  isolated  in  the  course  of  the  present  work  include  B.  Welchii, 
B.  [sporogenes,  Vibrion  septiqiie,  B.  phallax,  B.  'tertius,  B.  histolyticus,  B.  aerofetidiis,  and 
several  strains  as  yet  unidentified. 

Table  1. — Material  ExAiirsED. 


Total  cases  examined  =  304  -; 


of  which   257  had  1  wound 
„        ,.         37     „     2  wounds 
6     „      3 


Total  wounds  examined  =  365. 

From  289  of  these  1  culture  onlv  was  examined 


51 

>t 

2  cultures  were  examined 

22 

3 

2 

99 

4 

1 

•^                       >5                         »J                              >» 

Total  specimens  cultured  -  470. 


114 


THE    BRITISH    JOURNAL    OF    SURGERY 


a  a 


^.s 


-SS 


11 


•28 


SUTURE     OF    GUXSHOT    WOUNDS 


115 


SI 

IS  — 

©•a 

li 

^1 


116 


THE    BKITISH    JOUKNAL    OF    SUKGERY 


Table  2. — First  Cultures  examined  both  fok  Aerobes  and  Anaerobes  (343  Wounds). 


Aerobes 

PRKSKN'T 

AEROBR8 
ABSftNT 

ANABROBKB 
PRE8KNT 

ANAEROBES 
ABHENT 

Both 
Pbebbnt 

llOTH 

Absent 

300 

87' 8  per  cent 

43 

12-2  per  cent 

183 

53"  3  per  cent 

160 
46-7  per  cent 

160 
46- 7  per  cent 

26 
7*6  per  cent 

Fig.  118. — Garden's  amputation  referred  to  in  Fiy.  117  sutured  48  hours  after  operation.  This  wound  healed 
by  first  intention,  with  tlie  exception  of  some  dry  gangrene  of  tlie  margin  of  the  anterior  flap.  Patient  made 
an  excellent  recovery. 


Table  3. — ^Total  Cultures  Examined  for  Aerobes  and  Anaerobes  Respectively. 


Total 
Cultdres 


1st  :  365 
2nd  :  76 
3rd  :•    25 


Present  Absent 

310  (85  per  cent)  '  55  (15  per  cent) 

53  (70  per  cent)  :  23  (30  per  cent) 

21  (84  per  cent)  4  (10  per  cent) 


Total 
cclturks 


ANAEROBES 


1st  :  338 
2nd  :  69 
3rd  :     25 


Present 

172  (50-9  per  cent) 

19  (27-5  per  cent) 

7  (28-0  per  cent) 


AbMiit 

166(49-1  per  cent) 
50  (7  2' 5  per  cent) 
18  (72-0  per  cent) 


per  cent)  I     18  (72*0  per  cent) 
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Table  4..— Aerobic  Cultures  in  which  as  far  as  possible  all  Organisms  were 
DETER.MiNED.     (Ijicludcs  negative  cultures  occurring  in  the  series.) 


Total 

CrLTtTRES 

Negative 

hsmolttic 

Streptococci 

NoS-HiMOLTTIC 

STKKP-rococci 

White 
Staphylococci 

Yelloti 
Staphylococci 

1st:      165 
2nd:      60 
3id:       19 

No. 
23 
19 

2 

per  cent 

13-9 
31-6 
10-5 

No.             per  cent 

30             18-2 

13             21-6 

8            42- 1 

No.            per  cent 

64             38-8 
8             13-3 
2             10-5 

No. 
80 
18 

4 

per  cent 
48-5 
30 
21 

No.        j   per  cent 

23             14 
9            15 
7       '     36-8 

TOTAL 
CrLTCBES 

Tktragkxes 

Diphtbcboios 

GBAX-NEGATITE 

Cocci 

G&UI-XEGATrVK 

Bacilli 

Gbam  positive 

BiCILLI 

1st :       165 
2nd  :       60 
Sid:        19 

No.            per  cent 

22             13-3 
1               1-6 

0      1      - 

No. 

12 
2 

0 

per  cent 

7-2 
3^ 

No.            per  cent 

15             9 
4             6-6 
1             5-2 

No. 

38 
6 

per  cent 

23 
10 
26-3 

No.             per  cent 

59               35-7 

8               13-3 

1                 5-2 

T(J)le  5. — Cultures  EIxamined  for  Streptococcus. 


TOTAI.  CTLTCRES 

h£xolttic 
Streptococci 

NOS  nSMOI.TTIC 
STRIsPTOCOCCI 

Total 
Stbrptococci 

1st :      365 
2nd :      77 
3rd:       26 

No.              per  cent 
54               14-8 
15                19-5 
19               34-6 

No.           [      per  cent 
104                  28-6 
13         i        16-9 
4         ^        16-4 

No. 
15 
28 
23 

per  cent 

43-4 
36-4 
40 

Table  6. — Anaerobic   Cultures  showing  Bacilli  with  Gas, 

EXAMINED    FOR    B.    WELCHII    AND    SpORERS. 


Total  Coltures 
Examined 

B.  wei.ohii 

ANAEROBIC  Sporers 

102 
45  (for  sporers).. 

No.           }       per  cent 

94                  92 

No. 
21 

per  cent 
46 

OBSERVATIONS  ON  THE  ABOVE  TABLES. 

Table  2. — ^The  figures  for  'aerobes  present'  include  twelve  cultures  which  showed 
bacilli  with  no  gas  production  in  the  meat  tube,  but  which  showed  no  growth  on  the 
aerobic  cultures.     Experience  justifies  the  view  that  such  bacilli  are  nearly  always  aerobes. 

The  cultures  recorded  as  "anaerobes  present'  are  those  showing  baciUi  with  gas 
formation  in  the  meat  tube.  These  figures  are  undoubtedly  too  low,  as  time  and  personnel 
did  not  permit  the  exhaustive  examination  of  more  than  about  a  half  of  all  anaerobic 
cultures,  and  the  results  in  the  remainder  were  those  recorded  after  sixteen  to  twenty 
hours'  incubation  only. 

Table  3. — The  same  remarks  apply  to  these  figures  as  to  those  in  Table  2.  First 
cultures  are  those  taken  before  operation,  as  described  above.  Second  cultures  were 
usually  made  at  the  time  of  first  dressing  ;  in  all  but  six  cases  the  interval  after  operation 
was  between  one  and  seven  days,  with  an  average  of  three  days.  Third  cultures  were 
made  from  four  to  fourteen  days  after  operation,  averaging  eight  days. 

The  wounds  from  which  second  and  third  cultures  were  made  isere  those  which 
were  left  open — ^that  is,  the  more  serious  woimds— and  so  the  percentages,  by  comparison 
with  the  first  cultures,  which  included  all  wounds,  are  much  too  high.     The  same  remarks 
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apply  to  Tables  4  and  5,  and  particularly  to  the  figures  for  ha;molytic  streptococci,  since 
wounds  which  were  found  to  contain  these  organisms  were  usually  opened  up  and  further 
cultures  made. 

Table  4. — To  the  figures  for  bacilli  in  the  first  cultures  must  be  added  four  cultures 
which  showed  bacilli  with  no  gas  production  in  the  meat  tube  with  no  growth  aerobically. 

The  figures  for  white  staphylococci  are  for  those  cultures  which  remained  white  after 
twenty-four  to  forty-eight  hours  in  subculture.  Of  a  series  of  100  such  organisms  which 
were  further  grown  out  over  a  period  of  a  month  or  more,  20  per  cent  ultimately  produced 
yellow  pigment.  The  necessary  correction,  however,  is  not  as  great  as  20  per  cent,  since 
many  of  the  wounds  from  which  such  organisms  came  had  already  yielded  yellow 
staphylococci,  and  in  some  of  the  wounds  where  several  strains  were  grown  out,  some 
became  yellow  while  others  remained  white. 


Fig.  121.— Closure  of  wound  shown  in  Fig.  120.    Tlie  wound  healed  by  first  intention. 


IV.   CONCLUSIONS. 

The  number  of  cases  is  too  small  to  enable  us  to  form  definite  conclusions  on  points 
of  detail,  such  as  the  value,  absolute  or  relative,  of  antiseptics  in  the  closure  of  infected 
wounds. 

We  have  been  able  to  confirm  fully  the  statement  already  made  by  French 
surgeons,  that  of  the  organisms  commonly  found  in  gunshot  wounds  the  hemolytic 
streptococcus  is  by  far  the  most  virulent.  Although  it  has  been  found  to  be  present  only 
in  about  15  per  cent  of  the  cultures  in  this  series,  yet  we  believe  that  in  the  later  stages  of 
open  wounds  it  is  far  more  common.  In  the  absence  of  this  organism  the  vast  majority 
of  wounds  can  be  closed  and  made  to  heal  by  first  intention,  in  spite  of  the  presence  of 
other  infections. 

So  far  we  have  not  found  that  any  antiseptic  we  have  tried  can  be  said  to  have 
any  palpable  effect  on  wounds  infected  by  these  organisms.     They  appear  to  penetrate 
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Fig.  121. — Sketx^h  from  j--n»y  plate  sbowiiig  frai^ents  of  metal  ia  the  thigh.     In  case  shown  in  Figs.  122,  123. 
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Fig.  125.— Showing  suttirc  of  a  wonnd  in  thigh.    This  wound  was  very  septic ;    it  was  -gashed  with  ether,  and 
packed  with  '  hipped '  gauze  for  6  dajrs  before  suture  was  attempted.     It  healed  by  first  intention. 
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so  quickly  into  the  tissues  that  it  may  be  that  no  substance  appUed  to  the  surface  of  a 
wound  can  be  expected  to  have  much  effect. 

The  discover}^  of  a  serum  which  would  give  efTicient  protection  against  this  type  of 
infection  appears  to  us  to  be  a  matter  of  such  importance  that  we  venture  to  hope 
a  concentrated  effort  may  soon  be  organized  on  a  sufficiently  large  scale  with  the  object 
of  solving  this  problem. 

Boutine  Bacteriological  Examination. — Although  the  preparation  of  cultures  from 
every  wound  to  be  sutured  is  an  undoubted  advantage,  it  is  obviously  impracticable  if 
suture  is  to  be  carried  out  on  a  large  scale.  We  believe  that  careful  clinical  observation 
renders  routine  bacteriological  examination  unnecessary  in  the  average  case.  We  suggest 
that  in  times  of  pressure,  cultures  should  be  taken  only  from  deep  and  severe  wounds,  and 
that  the  examination  should  be  limited  to  ascertaining  the  presence  or  absence  of 
hiemolytic  streptococci.  The  isolation  of  other  bacteria,  and  particularly  the  identifica- 
tion of  varieties  of  anaerobes,  does  not  appear  to  be  necessary  in  the  class  of  wounds  likely 
to  be  considered  suitable  for  early  closure. 

Comparison  of  Immediate  and  Delayed  Suture. — While  it  is  evident  that  with  careful 
selection  of  cases  and  efficient  operation  immediate  suture  may  be  counted  on  to  meet 
with  a  large  measure  of  success,  and  while  immediate  suture  must  be  the  operation  of 
choice  for  certain  classes  of  wounds,  such  as  those  of  the  head  and  chest  and  those 
involving  joints,  yet  we  incline  to  the  belief  that  for  general  use  in  the  average  wound 
delayed  suture  is  safer  and  more  certain  in  its  results. 

During  periods  of  active  fighting,  when  cases  cannot  be  retained  for  at  least  several 
days  after  operation,  delayed  suture  is  the  only  means  of  early  closure  at  our  disposal. 
This  method  has  the  advantage  that  the  presence  of  virulent  infection  can  be  ascertained 
before  the  wound  is  closed,  by  clinical  evidence  and  microscopical  examination.  In  this 
way  wounds  with  virulent  infection,  the  majority  of  which  if  sutured  would  be  failures, 
can  be  excluded  from  closure  till  later  periods  when  the  infection  has  been  overcome.  In 
the  case  of  severe  wounds,  and  when  the  operator  is  in  the  least  doubt  as  to  whether  he 
has  succeeded  in  efficiently  removing  dead  and  damaged  tissue,  delayed  suture,  in  our 
opinion,  should  have  the  preference  as  a  general  rule. 

In  conclusion,  we  wish  to  express  our  thanks  to  the  Medical  Research  Committee, 
who  have  supplied  us  with  a  typewriting  machine  and  with  literature ;  to  Surgeon-General 
O'Keefe,  who  has  granted  us  the  facilities  and  conditions  necessary  for  the  work  ;  to 
Surgeon-General  Sir  Anthony  Bowlby,  Colonel  Sinclair,  and  Colonel  Gask,  consulting 
surgeons,  who  have  helped  us  with  their  advice  and  interest  ;  and  to  Lieutenant- 
Colonel  Marriott,  D.S.O.,  officer  in  command  of  the  unit,  who  has  given  us  every 
assistance  in  his  power  at  all  stages  of  this  research.  To  the  Medical  Research  Com- 
mittee we  are  also  indebted  for  placing  the  services  of  Sergeant  A.  K.  Maxwell  at  our 
disposal.  Reproductions  of  beautiful  coloured  drawings  by  this  artist  illustrate  our 
report. 
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ACUTE    DILATATION    OF    THE    STOMACH. 

By  WILLIAM    DOOLIX,    Dublin. 

ActrrE  dilatation  of  the  stomach  has  long  been  a  source  of  mysterj-  to  pathologist  and 
clinician  alike.  Hilton  Fagge,  in  1873,  published  the  earliest  authoritative  account  of 
the  condition  in  English.  Prior  to  that  date,  isolated  cases  of  a  similar  condition  had 
been  recorded  by  Rokitanski  (1842),  Miller  and  Humby  (1853),  Bennett  (1856),  and  Wilks 
(1857).  It  was  recognized  and  well  described  by  Brinton  in  his  Lectures  on  Diseases 
of  tbe  Stomach,  in  1859.  In  1899  Albrecht  could  only  find  18  cases  recorded  in  the 
general  literature,  and  in  1902  Campbell  Thomson  published  an  analysis  of  44  collected 
cases.  Within  the  past  ten  years  important  references  to  this  question  have  been  pub- 
lished in  America  by  Conner  (1907),  Laffer  (1908),  Borchgre\ink  (1913),  and  Lee  (1916) ; 
in  France  by  Delangeniere  (1909),  Lardennois  (1910),  and  Mathieu  (1911)  ;  and  in 
Germany  by  Braun  and  Seidel  (1907),  Axhausen  (1909),  v.  Haberer  (1913)  and  Linke 
(1914).  English  medical  and  surgical  literature  during  the  same  period,  save  for  the 
published  cases  of  Box  and  Wallace  (1911),  has  been  surprisingly  reticent  on  the  subject. 

The  first  case  of  the  kind  which  I  met  with  was  in  1910,  when  house  surgeon  at 
St.  Vincent's  Hospital.  The  jsatient  was  a  stout  woman  in  the  middle  forties,  and  Professor 
.Alfred  Smith  was  operating  for  a  large  myoma  uteri.  As  he  was  about  to  close  the  abdomen, 
the  patient  showed  signs  of  respiratory-  distress,  the  abdominal  walls  began  to  bulge,  and 
the  lower  border  of  the  stomach  appeared  in  the  upper  margin  of  the  wound.  We  noticed 
at  the  time  that  the  gastro-epiploic  veins  and  their  tributaries  were  enormously  engorged. 
The  condition  was  immediately  rect^nized,  and  a  stomach  tube  promptly  passed,  where- 
upon a  large  quantity  of  gas  was  brought  off,  followed  by  a  fair  quantity  of  fluid.  This 
relieved  the  condition,  and  the  stomach  receded  into  the  epigastrium.  The  tube  was  left 
in  situ,  the  abdomen  closed,  and  the  patient  brought  back  to  bed  and  placed  on  her  right 
side.  There  was  no  recurrence  of  the  dilatation,  and  the  patient  made  an  uneventful 
recover^'. 

My  second  case  presented  itself  under  widely  different  circumstances. 

Mrs.  J.  W.,  age  19,  was  admitted  to  St.  Vincent's  Hospital  late  at  night  on  Oct.  10,  1917, 
as  being  a  case  of  acute  intestinal  obstruction.  Temperature  on  admission  97-2-  :  pulse  148  ; 
respirations  24.  Patient  was  very  collapsed,  with  drawn,  anxious  facies,  and  heavy  rings  under 
the  eyes  ;    pupils  moderately  dilated. 

Previous  History. — On  June  30,  1917,  patient  gave  birth  to  a  premature  (7  months)  child  ; 
labour  was  normal,  but  later  she  developed  puerperal  sepsis,  on  which  account  she  was  detained 
for  ten  weeks  in  the  maternity  hospital.  She  then  went  home,  ven,'  weak,  and  lay  for  a  further 
three  weeks  confined  to  bed. 

Present  Illness. — On  Oct.  8,  after  "a  good  dinner"  she  was  suddenly  seized  with  violent 
epigastric  pain  ;  seven  or  eight  hours  later  she  commenced  vomiting,  which  continued  incessantly 
during  the  night.  Her  bowels  moved  naturally  once  l)efore  vomiting  set  in.  The  next  day  a 
doctor  was  sent  for,  who  administered  an  enema,  which  gave  a  good  result  ;  there  was  no  cessation, 
however,  of  pain  or  vomiting,  which  continued  unabated.  The  following  day  vomiting  continued, 
large  quantities  of  yellowish-green  fluid,  sour  to  the  taste,  but  of  inoffensive  odour,  coming  up 
incessantly,  despite  the  fact  that  nothing  had  passed  her  lips  for  thirty-six  hours.  She  was  then 
sent  to  hospital. 

On  .\dmission. — Condition  one  of  extreme  exhaustion.  The  abdomen,  which  moved  freely 
on  respiration,  was  enormously  distended,  with  a  marked  prominence  below  and  to  the  left  of  the 
umbilicus.  This  protrusion  was  exquisitely  tender  to  the  touch,  and  highly  t>-mpanitic.  The 
t\Tnpanitic  note  extended  practically  to  the  left  nipple  line  above,  out  to  the  flank,  and  down 
to  a  point  two  finger-breadths  above  the  left  Poupart  line;  it  then  'elbowed'  sharply  upwards 
to  just  above  and  to  the  right  of  the  umbilicus.  Vomiting  had  ceased  shortly  after  admission, 
which  I  took  to  t>e  of  bad  omen.  During  my  examination,  which  lasted  nearly  half  an  hour, 
there  were  three  distinct  crises  of  visible  peristalsis,  the  waves  passing  from  the  left  above,  down- 
wards and  to  the  right :    as  they  passed,  the  patient  moaned  with  the  intensity  of  the  cramping 
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pain.  Succusion  splashing  was  very  marked  below  the  umbilicus.  Patient  remarked  she  had  not 
passed  urine  since  the  previous  night ;  a  catheter  was  passed  and  8  ounces  of  urine  were  with- 
drawn. (Urine  analysis  showed  :  density  1024 ;  acid ;  albumin  and  sugar  absent ;  no  casts  ; 
no  blood-cells  ;  calcium  oxalate  crystals  were  present  in  abundance,  and  a  large  proportion  of 
amorphous  urates.)     Thirst  was  not  complained  of. 

I  thought  the  patient  was  in  extremis.  We  had  the  foot  of  her  bed  raised  on  a  chair,  and  she 
was  placed  prone  on  her  face,  with  a  large  pillow  beneath  the  pelvis.  This,  she  stated,  gave  her 
distinct  relief  from  the  pain.  Nutrient  enemata  with  brandy  were  administered  every  three  hours 
during  the  night,  and  subcutaneous  saline  was  given  imder  the  breasts. 

The  next  morning  (Oct.  11)  I  found  the  ventral  position  had  given  her  complete  relief  from 
pain.  Her  facial  appearance  had  improved  beyond  recognition.  Temperature  97-6°  ;  pulse  84  ; 
respirations  20.  No  vomiting  during  the  night.  The  stomach  had  receded  to  about  half  its  size 
of  the  previous  night.     Eighteen  ounces  of  urine  were  passed  in  twenty-four  hours. 

Oct.  12. — Stomach  distention  quite  receded.  No  pain.  No  vomiting.  Temperature  98°  ; 
pulse  78  ;  respirations  20.  Patient  very  hungry ;  allowed  chicken  tea,  cautiously,  in  sips. 
Twenty-two  ounces  of  urine  passed  in  twenty-four  hours. 

Oct.  30. — After  an  uneventful  recovery,  patient  went  home. 

I  can  ascribe  this  patient's  recovery  solely  to  the  use  of  the  prone  position.  She  was 
well-nigh  in  extremis  on  admission,  so  much  so  that  I  was  afraid  to  subject  her  to  the 
physical  strain  of  washing  out  her  stomach.  And  yet,  after  twelve  hours  in  the  prone 
position,  her  condition  of  extreme  collapse  was  over,  her  pulse  had  come  down  from  148 
to  84,  and  was  of  good  volume,  the  distressed  facies  had  quite  disappeared,  she 
presented  a  smiling  countenance,  informed  me  the  pain  was  gone,  and  declared  herself, 
notwithstanding  the  still  evident  degree  of  gastric  distention,  as  being  quite  comfortable. 

Had  I  not  had  the  fortune  to  have  read  Borchgrevink's  valuable  paper  previously, 
and  to  have  recollected  his  emphatic  assertion  of  the  value  of  treatment  by  the  prone 
position,  I  am  convinced  that  the  patient  would  not  be  alive  to-day. 

On  consulting  the  usual  English  text-books,  I  was  very  disappointed  at  the  meagre 
amount  of  information  obtainable  concerning  this  unusual  malady  and  its  treatment. 
The  value  of  the  prone  position,  as  borne  out  by  Continental  and  American  authors,  does 
not  seem  as  yet  to  have  obtained  adequate  recognition  in  English  surgical  literature. 
Thomson  and  Miles  (1915)  do  not  even  mention  it,  but  recommend  gastrostomy  if  lavage 
be  unsuccessful.  Douglas  {Diseases  of  the  Abdomen,  1910)  recommends  lavage,  but  gives 
no  mention  of  postural  treatment.  Paterson  {Diseases  of  the  Stomach,  1913)  advocates 
lavage  and  the  knee-elbow  position.  Moynihan  {Abdominal  Operations,  1914)  is  the  sole 
advocate  of  the  prone  position  and  early  lavage.  Choyce  {System  of  Surgery,  1915)  barely 
refers  to  postural  treatment,  recommends  lavage,  and  states  that  operation  is  inadvisable. 
A  search  through  the  available  literature  at  my  disposal  has  led  me  to  the  conclusion  that 
this  malady  is  by  no  means  infrequent  ;  and  that  its  high  mortality  may  be  accounted  for 
by  want  of  early  recognition,  and  by  an  insufficient  understanding  of  its  etiology,  leading 
to  injudicious  methods  of  treatment. 

The  188  cases  which  I  have  succeeded  in  collecting  from  available  sources  may  be 
divided  into  two  large  groups  > — 

1.  Where  the  condition  arises  as  an  unexpected  and  unwelcome  sequela  to  operation. 

2.  Where  the  condition  arises  without  any  prior  operative  interference. 

Of  the  188  cases,  133  (nearly  69  per  cent)  occurred  after  operation.  This  post-operative 
group  is  of  exceeding  interest  ;  96  of  these  cases  were  abdominal  operations,  of  which 
gynecological  operations  head  the  list  with  40  cases,  operations  on  the  gall-bladder  come 
next  with  20,  operations  on  the  stomach  and  duodenum  18,  appendicectomy  11,  and 
herniotomy  5.  Of  the  extra-abdominal  operations,  the  kidney  gives  7  cases,  the  thorax  6, 
the  extremities  13,  and  the  face  1. 

The  group  of  non-operative  cases  is  well  worthy  of  investigation.  Here  several  sub- 
groups may  be  defined.  A  fairly  large  number  of  cases  has  been  reported  where  the 
occurrence  of  the  condition  was  attributed  by  the  observer  to  intake  of  excessive  quantities 
of  food  or  drink  (dilatio  ex  ingestis).  In  another  specialized  sub-group  of  10  cases,  the 
condition  was  associated  with  spinal  deformity  (Wichern,  Kelling,  Perry  and  Shaw, 
Buzzard,  Kirch,  Kausch,  Willett,  Neck,  Hanssen,  Bollag).     The  condition  has  also  arisen 
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during  the  course  of  acute  or  long-continued  febrile  disturbances  :  pneumonia,  for  instance, 
has  4  cases  to  its  credit  (Box  and  Wallace,  Campbell  Thomson,  Herrick,  and  Leonhardt), 
as  has  also  tj-phoid  (Brinton  (2  cases),  VVichern,  and  Baiimler).  It  has  occurred  once 
during  the  course  of  phthisis  (Xeck),  diabetes  mellitus  (Box  and  Wallace),  and  sciatica 
(Baiimler).  Injur\'  to  the  abdominal  wall  has  been  followed  by  the  development  of  the 
condition  in  3  cases  (Tuffier,  Appel,  Box  and  Wallace).  Confinement  was  complicated 
by  acute  gastric  distention  in  4  cases  (Campbell  Thomson,  Laffer,  Audebert,  and  Rice), 
and  Caesarean  section  in  2  (Theilhaber  and  Audebert).  Finally,  we  have  an  extremely 
remarkable  group  where  the  condition  arose  suddenly  in  perfect  health,  without  any 
explanation  whatever  ;  in  one  case  it  is  recorded  that  the  condition  started  "  in  a  hearty 
laugh." 

Over  60  per  cent  of  the  recorded  cases  occurred  in  women.  It  may  arise  at  any  age, 
but  is  most  frequent  between  20  and  40  years.  The  youngest  case  was  that  of  a  breast-fed 
child  nine  months  old,  found  dead  two  hours  after  suckling  ;  there  was  no  vomiting,  yet 
at  autopsy  the  stomach  was  **  as  large  as  a  football  "  (Belilios).  Cooper  has  recorded  an 
even  more  rapid  death  in  a  child  of  eleven  months,  under  very  similar  circumstances. 
The  oldest  case  was  that  of  a  man,  age  86,  who  was  admitted  to  hospital  with  an  intra- 
capsular fracture  of  the  neck  of  the  femur,  and  who  died  within  half  an  hour  of  taking 
a  glass  of  milk  ;   the  condition  was  diagnosed  at  autopsy  (Moore). 

In  the  post-operative  group,  all  the  operations  were  carried  out  under  general  narcosis, 
with  but  two  exceptions :  one  case  occurred  after  spinal  analgesia  with  novocain  (Taddei), 
and  one  after  a  herniotomy  carried  out  under  a  local  anaesthetic  (Lyle). 

ETIOLOGY. 

Efforts  to  explain  the  genesis  of  this  condition  have  led  to  a  riot  of  theories.  The 
ver\'  multiplicity  of  titles*  given  to  the  syndrome  is  in  itself  an  evidence  of  the  numerous 
hypotheses  which  have  been  advanced  from  time  to  time  in  explanation  of  the  origin  of 
this  mysterious  malady.  An  'individual  predisposition'  has  been  alleged  by  some  writers 
who  have  had  the  very  unpleasant  ex|)erience  of  meeting  this  complication  in  successive 
operations  upon  the  same  patient  ;  it  is  obviously  an  unsatisfactory'  explanation.  Riedel 
has  advanced  a  theorj-  of  serous  infiltration  of  the  stomach  wall  with  subsequent  dilata- 
tion, which,  however,  has  failed  to  obtain  support  from  other  observers.  The  condition 
has  been  ascribed  to  adrenal  incompetency  by  Arcangeli,!  and  to  a  general  insufficiency 
of  the  chromaffin  system  by  Kuru.f  Rokitanski  first  definitely  ascribed  the  dilatation 
to  compression  of  the  horizontal  portion  of  the  duodenum  by  the  root  of  the  mesentery. 
In  this  explanation  he  had  the  support  of  subsequent  observers  such  as  Kundrat  (1891), 
Albrecht  (1899),  and  Miiller  (1900).  The  last  writer  ingeniously  drew  attention  to  one 
particular  class  of  case  not  infrequently  followed  by  this  distressing  complication,  \iz., 
where  the  pelvis  or  lower  abdomen  has  been  occupied  for  a  long  period  of  time  by  a  large 
ovarian  cyst  or  uterine  tumour  which,  growing  up  out  of  the  pelvis,  has  crowded  the 
intestines  into  the  upper  abdomen  ;  after  removal  of  the  tumour,  the  coils  of  gut  sink  down 
into  the  now  empty  pelvis,  and  so  drag  upon  the  superior  mesenteric  artery  as  to  compress 
the  duodenum  at  its  crossing. 

This  theorj',  which  we  may  call  that  of  '  primarj'  duodenal  obstruction,*  for  long 
held  the  field,  and  even  to-day  has  some  supporters.  A  dilated  stomach  and  a  duodenum 
partly  or  completely  obstructed  are  two  undeniable  anatomical  facts  frequently  found 
on  the  post-mortem  table.  Which  is  the  primary  phenomenon,  however,  and  which  the 
secondary  ?  It  is  well-nigh  impossible  to  prove  to  everj'one's  satisfaction  that  a  primary 
occlusion  of  the  duodenum  does  not,  or  cannot,  cause  an  acute  dilatation  of  the  stomach. 

*  It  has  been  variously  described  as  ''  Acute  Dilatation  of  the  Stomach,"  "Gastro-mesenteric  Ileus," 
"  Acute  Gastroduodenal  Atony,"  "  Mesenteriale  Darmverschluss,"  "  Traumatische  Magenerweiterung," 
"  Paralysie  Stomacale  Aigue  Post-operatoire,"  "  Gastro-enteroplegia,"  ■"  Acute  Gastrosuccorrhoea,"  and 
*■  Acute  Gastric  Motor  Insufficiency." 

t  Quoted  by  Lee. 
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The  theory  at  first  sight  is  easily  acceptable,  as  we  are  all  familiar  with  the  dilated  bowel 
above  the  site  of  constriction  in  mechanical  ileus.  Nevertheless,  we  find  on  deeper  investi- 
gation a  mass  of  evidence,  direct  and  indirect,  which  has  led  the  great  majority  of  recent 
writers  to  discard  this  theory.  The  first  argument  that  strikes  one  against  Miiller's 
hypothesis  is  the  extreme  rarity  of  such  an  occurrence  after  child-birth  ;  of  the  188 
cases  mentioned  above,  only  4  took  place  as  a  postpartum  complication.  The  extreme 
rapidity  with  which  the  stomach  may  dilate  does  not  point  to  a  mechanical  occlusion 
of  the  duodenum  as  being  the  primary  cause  ;  in  my  first  case  the  stomach  swelled  up 
to  a  truly  alarming  size  within  a  few  minutes,  and  cases  of  an  almost  identical 
character  have  been  recorded  by  others  (Luckett,  Moorehead,  Mayoral  and  Richardson). 
It  seems  incredible  that  a  mechanical  blockage  of  the  duodenum  could  break  down  the 
resistance  of  the  pylorus  and  cause  an  enormous  gastric  distention  in  so  short  a  space  of 
time.  In  high  jejunal  obstruction,  the  nearest  clinical  parallel — as  observed  by  Borch- 
grevink,  Axhausen,  Wilms,  and  others — this  great  dilatation  of  the  stomach  was  not  found 
to  have  taken  place.  The  undoubted  recovery  of  more  than  half  the  cases  treated  by 
gastric  lavage  is  further  evidence  against  a  primary  duodenal  obstruction.  Melchior's 
argument,  that  a  sufficient  degree  of  traction  to  cause  true  occlusion  by  the  mesentery 
would  in  all  probability  cause  such  interference  with  the  mesenteric  circulation  itself  as 
to  lead  directly  to  thrombosis  within  the  vessels,  or  necrosis  of  the  intestine,  is  also  very 
suggestive.  Finally,  the  fact  that  a  noticeable  degree  of  mesenteric  compression  was 
found  in  less  than  25  per  cent  of  recorded  post-mortem  examinations,  would  lead  one  to 
infer  that  mesenteric  compression  either  is  unnecessary  for  the  production  of  acute  dilata- 
tion of  the  stomach,  or  is  a  secondary  and  not  a  primary  phenomenon.  To  this  belief 
most  of  the  more  recent  observers  are  inclined — namely,  that  the  stomach  dilates  first,  and 
that  a  duodenal  obstruction  may  be  produced  secondarily  in  one  of  two  ways  :  either  by 
compression  of  the  duodenum  by  the  dilating  stomach  between  the  tense  abdominal  wall 
and  the  rigid  spinal  column  (Box  and  Wallace)  ;  or  that  the  stomach,  as  it  dilates, 
compresses  the  small  intestines,  crowding  them  down  into  the  narrow  pelvic  cavity,  where 
they  are  held  in  place  by  the  superimposed  weight  of  the  dilated  stomach  above  ;  the 
traction  thus  exercised  on  the  mesentery  causes  the  compression  of  the  duodenum,  which 
in  itself  leads  to  a  further  dilatation  of  the  stomach,  and  so  the  vicious  circle  is  set  up. 
This  view  had  the  early  support  of  Lecene  and  Reynier,  the  latter  of  whom  says  : 
"  L'occlusion  duodenale  postoperatoire  ne  serait,  dans  ce  cas,  qu'  une  complication  des 
plus  graves  de  la  dilatation  aigue  de  Testomac." 

Practically  all  recent  writers,  from  1902  onwards,  are  in  agreement  in  considering 
that  gastric  dilatation  is  the  primary  phenomenon.  How  then  are  we  to  account  for  its 
occurrence  ?  In  1895,  Carrion  and  Hallon  demonstrated  that  section  of  the  vagus  nerves 
in  dogs*  led  to  dilatation  of  the  stomach.  In  1900,  Stieda  cut  both  vagi  in  dogs  on  which 
he  had  performed  gastro-enterostomy  two  months  previously ;  this  led  to  an  acute  dilata- 
tion of  the  stomach,  despite  a  patent  anastomotic  opening.  Brinton,  in  his  Lectures, 
looked  on  the  condition  as  one  of  a  paralysis  of  the  gastric  musculature  ;  that  the  paralysis  - 
is  a  complete  one  we  cannot  accept,  in  view  of  the  many  observations  of  visible,  active 
peristalsis,  and  in  view  of  the  completeness  with  which  the  stomach  will  recover  its  tone 
with  early  use  of  the  tube.  Legueu  and  Reynier  have  met  with  the  complication  after 
operations  on  the  kidney  ;  they  ascribe  its  development  to  a  reflex  innervation  disturbance 
acting  through  the  solar  plexus,  and  compare  it  with  the  appearance  of  acute  retention 
of  urine  in  the  bladder  following  dilatation  of  the  anus  for  rectal  operations  owing  to 
reflex  disturbance  of  the  hypogastric  plexus.  It  is  improbable  that  a  healthy  stomach  of 
normal  muscular  tone  can  become  the  seat  of  an  acute  dilatation.  A  certain  quantity 
of  gas  is  ordinarily  present  in  the  stomach  ;  any  excess  of  this  is  readily  got  rid  of  by 
relaxation  of  the  cardiac  orifice  and  contraction  of  the  stomach.     If  the  relaxation  of  the 

*  Habtwell,  in  1912,  unwittingly  repeated  their  experimentar  observation  on  the  living  subject,  when 
an  injury  to  the  vagus  nerve,  inflicted  whilst  attempts  were  being  made  to  check  a  serious  hseraorrhage  during 
thyroidectomy,  resulted  in  an  acute  dilatation  of  the  stomach  with  a  fatal  termination. 
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cardiac  orifice  be  inhibited,  or  if  contraction  of  the  stomach  wall  be  prevented,  we  have 
conditions  present  which  would  undoubtedly  tend  to  facilitate  dilatation.  Kelling's  experi- 
ments on  anaesthetized  dogs  would  certainly  seem  to  show  that  deep  narcosis  does  prevent 
relaxation  of  the  cardiac  orifice  :  the  same  experiments  carried  out  on  non-anaesthetized 
animals  failed  to  produce  dilatation.  Payer,  in  a  specially  investigated  series  of  300  cases, 
found  that  nearly  all  his  patients,  after  deep  chloroform  or  ether  anaesthesia,  demonstrated 
a  certain  degree  of  gastric  atony,  and  this  partial  atony  persisted  as  a  rule  for  twelve  to 
twenty-four  hours  after  operation.  As  a  large  majority  of  cases  of  post-operative  dilata- 
tion of  the  stomach  occurred  after  prolonged  or  difficult  narcosis,  these  two  independent 
observations  are  highly  suggestive  of  a  valuable  etiological  factor,  i.e.,  motor  insufficiency. 

Motor  insufficiency,  or  lack  of  tone,  however,  will  not  produce  acute  dilatation  ;  it 
is  merely  a  necessary-  predisposing  factor.  For  the  passive  condition  of  atony  to  pass 
into  the  active  state  of  dilatation  the  stomach  must  be  overloaded  with  either  solid  or 
liquid  food,  or  distended  with  gas.  French  writers  (Mathieu,  Lardennois,  and  others) 
lay  special  stress  upon  air-swallowing  as  the  immediate  etiological  factor  in  post -operative 
cases.  'Tiquage,'  or  aerophagia,  is  frequently  noticeable  in  nervous  people,  or  in  those 
undergoing  some  phase  of  mental  excitement  or  anxiety.  (My  second  patient  was  an 
habitual  aerophagic,  and  even  when  warned  of  the  possible  risk  in  view  of  the  gra\'ity  of 
her  condition,  she  still  found  the  greatest  difficulty  in  checking  the  habit.)  Under  ether 
narcosis  we  frequently  observe  \'iolent  convulsive  swallowing  efforts  on  the  part  of  the 
patient  who  is  resisting  the  anaesthetic,  during  which  mouthfuls  of  saliva  mixed  with  air 
must  be  carried  down  into  the  stomach,  and  quite  possibly  act  as  the  starting-point  of 
an  acute  dilatation  on  the  operating  table.  The  rapidity  with  which  dilatation  sets  in 
in  some  of  the  reported  cases  certainly  points  to  gas  being  the  primary  distending  agent. 
Diffusion  of  ether  from  the  circulating  blood,  an  explanation  which  has  been  suggested 
by  some  observers,  is  a  much  less  likely  explanation  of  the  source  of  the  gas  than  that 
of  simple  air-swallowing. 

In  other  cases,  food  and  drink  may  easily  play  a  part  in  the  production  of  the  condi- 
tion, as  is  clearly  to  be  seen  when  a  person  in  ordinary  health  simply  eats  himself  into  the 
condition.  The  same  factor  can  play  an  important  part  in  a  patient  whose  gastro-intestinal 
musculature  is  in  an  atonic  state  either  from  recent  narcosis  or  prolonged  convalescence  ; 
the  rapid  ingestion  of  injudicious  quantities  of  food  or  drink  under  such  circumstances 
may  easily  prove  the  starting-i>oint  of  an  acute  dilatation  which  will  gravely  imperil  the 
patient's  life, 

SYMPTOMS. 

The  most  prominent  symptoms  are  vomiting,  distention  of  the  abdomen,  and 
collapse.  Others  are  pain  in  the  epigastrium,  tenderness  over  the  distended  stomach, 
respiratory  embarrassment,  visible  peristalsis,  thirst,  and  scanty  urine.  The  behaviour 
of  the  bowel  varies — constipation  being  the  rule,  but  diarrhoea  is  mentioned  in  some  of 
the  reports.  As  a  rule,  the  initial  symptom  is  epigastric  pain,  due,  doubtless,  to  the  rapid 
gastric  distention.  If  the  abdomen  be  inspected  at  this  stage,  the  distention  in  the  epi- 
gastrium is  next  noted. 

Vomiting  sets  in  early  in  over  90  per  cent  of  cases,  but  gives  no  relief  to  the  pain  ; 
once  commenced,  it  becomes  the  characteristic  feature  of  the  condition,  and  its  frequent 
occurrence  at  short  intervals  has  prompted  Legueu  to  the  not  inapt  comparison  with 
the  continual  emptying  of  the  bladder  in  ischuria  paradoxa.  The  act  of  vomiting  is 
effortless  ;  the  fluid  seems  to  well  up,  frequently  accompanied  by  volumes  of  gas.  The 
contents  of  the  stomach  are  watery-  :  at  first  yellow  or  green,  due  to  admixture  with  bile, 
they  become  dark  brown  or  black  later,  owing  to  admixture  with  blood.  The  vomitus 
may  be  of  sour  offensive  odour,  but  is  never  'faeculent.'  It  may  be  highly  irritant. 
Carmichael  records  the  production  of  an  eczematous  condition  of  the  lips  and  cheeks  from 
this  cause  in  one  of  his  patients  ;  Reynier  has  demonstrated  the  presence  of  an  actual 
hyperchlorhydria  in  several  of  his  cases.  Free  hydrochloric  acid  is  present  :  lactic  acid 
has    been    demonstrated    in  varjnng  quantities.      The    bulk   of  the    vomited    material    is 
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astonishing,  beinjj  far  in  excess  of  the  ahiount  of  fluids  ingested.  This  characteristic  of 
hypersecretion  led  Morris  to  give  the  condition  the  title  'gastrosuccorrhoea.'  Vomiting 
may  cease  some  hours  before  death.  In  one  of  Legueu's  fatal  cases,  vomiting  never 
occurred  at  all.     Death  took  place  in  several  cases  before  vomiting  had  set  in. 

Distention  develops  rapidly  ;  at  first  manifest  in  the  epigastric  and  subcostal  areas, 
it  steadily  extends  downwards  past  the  umbilicus,  and  may  even  reach  to  Poupart's 
ligament  within  twenty-four  to  forty-eight  hours.  The  distended  viscus  occupies  the  left 
side  of  the  abdomen,  the  right  side  being  very  little  affected.  In  my  own  case  this  was 
typically  displayed,  the  fundus  portion  of  the  stomach  running  Poupart-wards  like  a  thick 
curved  tube,  then  the  pyloric  portion  elbowed  sharply  upwards  again  in  the  middle  line 
to  a  point  slightly  above  and  to  the  right  of  the  navel.  Tenderness  is  often  well  marked 
over  this  distended  area.  The  area  of  stomach  resonance  may  extend  well  up  into  the 
thorax,  even  to  the  nipple  line.  Durand  records  a  case  where  the  thoracic  tympanitic 
note  led  to  a  diagnosis  of  pseudo-pneumothorax.  Loud  splashing  sounds  are  easily  elicited 
within  the  dilated  viscus  ;  Leonhardt  has  described  a  case  where  such  sounds  were  pro- 
duced by  the  cardiac  impulse,  and  occurred  synchronously  with  the  cardiac  rnovements. 
Any  doubt  as  to  the  seat  of  the  distention  will  be  readily  set  at  rest  by  the  passage  of  the 
stomach  tube,  as  fluid,  accompanied  by  gas,  will  be  expelled,  sometimes  almost  explosively, 
whereupon  the  abdominal  distention  will  recede,  often,  however,  only  to  recur  a  few  hours 
later. 

Pain,  at  first  epigastric,  and  frequently  umbilical  in  site,  is  usually  present,  but 
varies  in  the  degree  of  its  severity.  It  is  exacerbated;  by  the  occurrence  of  visible  peri- 
stalsis, the  patient  sometimes  screaming  aloud  with  the  intensity  of  the  cramping,  vice-like 
pain.     It  is  rarely  altogether  absent. 

Thirst  seems  to  be  one  of  the  most  constant  symptoms,  though  my  patient,  curiously 
enough,  never  complained  spontaneously.  Sometimes  it  is  severe  beyond  description, 
agonizing  in  intensity,  and  unrelieved  by  salines,  enemata,  or  drinking.  In  connection 
with  this  craving  of  the  body  tissues  for  fluid  to  replace  that  lost  by  vomiting,  we 
frequently  find  a  marked  decrease  in  the  quantity  of  urine  excreted,  leading  on  occasions 
to  even  a  temporary  total  suppression. 

The  behaviour  of  the  intestine  is  variable,  and  not  easy  to  explain.  Absolute 
constipation  has  been  frequently  noticed,  flatus  and  intestinal  movements  both  ceasing  ; 
according  to  Borchgrevink,  their  re-establishment  is  one  of  the  first  signs  of  improvement. 
A  point  of  special  importance  has  been  recorded  by  four  independent  observers,  viz.,  that 
even  where  a  definite  degree  of  mesenteric  compression  of  the  duodenum  was  present, 
the  action  of  the  bowels  had  not  been  interfered  with  ante-mortem  (Engstrom,  Walzberg, 
Zade,  Bull,  all  cited  by  Borchgrevink.)  This  directly  negatives  the  suggestion  of  a 
paralytic  ileus  beyond  the  site  of  duodenal  constriction. 

There  is  no  particular  rise  of  temperature  or  pulse  in  the  early  stages  ;  later,  the  pulse 
always  increases  in  rate,  without  any  rise  of  temperature  ;  the  respiration  rate  increases 
in  proportion  as  the  pressure  beneath  the  diaphragm  embarrasses  the  heart  and  lungs. 

Hiccough  is  not  a  common  symptom  ;  it  has  been  observed  by  Chavannaz,  Campbell 
Thomson,  and  Reynier.  Cyanosis  was  noted  in  three  cases  (Mayo  Robson,  Templeton, 
and  Leonhardt).  Bloodgood  mentions  syncope,  and  vertigo  has  been  observed  by  Bull 
and  Heine.  Dilatation  of  the  pupils  is  mentioned  by  Richardson  and  Farquhar.  In  Box 
and  Battle's  case  the  raised  intra-abdominal  tension  led  to  a  marked  dilatation  of  the 
superficial  abdominal  veins  and  to  cpdema  of  both  legs  ;  notwithstanding  the  severity  of 
these  symptoms,  the  adoption  of  postural  treatment  led  to  this  patient's  eventual  recoverj'. 

POST-MORTEM  APPEARANCES. 

The  stomach  is  usually  found  to  be  enormously  distended  ;  in  one  case-report  the 
diaphragm  had  been  elevated  by  the  dilated  card i a  to  the  level  of  the  third  ribs  ;  the 
greater  curvature  not  infrequently  is  at  the  level  of  the  symphysis  pubis.  The  distention 
is  largely  gaseous,  but  much  free  fluid  may  also  be  found.     The  gastric  wall  is  thinned 
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and  stretched  out,  and  the  mucosa  is  often  the  seat  of  extravasations,  superficial  erosions, 
or  fissures,  thus  affording  an  explanation  of  the  occasional  haemorrhagic  character  of  the 
vomitus. 

Accounts  of  the  duodenum  vary  in  the  different  autopsy  reports.  In  a  large  propor- 
tion of  the  protocols,  no  mention  is  made  of  the  duodenum  in  particular,  and  we  may 
conclude  that  in  these  cases  no  abnormality  was  observed.  In  a  smaller  proportion, 
distention  is  mentioned  as  being  confined  to  the  stomach  only,  the  duodenum  being 
iminvolved  in  the  process.  Distention,  however,  had  broken  do>vn  the  pyloric  barrier 
and  involved  the  duodenum  in  many  of  the  cases.  The  exact  extent  of  the  duodenal 
distention  is  of  importance  in  seeking  for  an  explanation  of  the  etiology  of  this  condition. 
The  majority  of  the  earlier  authorities  found  that  the  duodenum  was  distended  up  to  the 
point  of  its  crossing  by  the  fold  of  mesentery  carrj'ing  the  superior  mesenteric  blood- 
vessels ;  this  finding  gave  origin  to  the  term  'gastromesenteric  ileus,'  and  to  the  concep- 
tion that  the  origin  of  the  condition  lay  in  a  mechanical  obstruction  to  the  onward 
passage  of  the  duodenal  contents  by  arterio-mesenteric  constriction.  In  three  cases, 
distention  is  stated  positively  as  passing  beyond  the  point  of  crossing  :  in  Jessopp's  case 
dilatation  of  both  stomach  and  duodenum  was  found,  "  which  passed  abruptly  to  a 
condition  of  extreme  contraction  six  inches  below  the  duodenum"  ;  in  Hood's  case  the 
distention  involved  the  '*  stomach,  duodenum,  and  first  few  inches  of  ileum  "  ;  and  in 
1902  Thomson  reported  one  case  in  which  the  distention  extended  for  a  distance  of  eight 
feet  along  the  small  intestine.  A  true  arterio-mesenteric  compression  was  noticed  in  only 
about  22  per  cent  of  the  post-mortem  records  ;  and  in  only  one  case  (Baiimler)  did  the 
degree  of  compression  lead  to  necrosis  of  the  mucosa  in  the  constricted  gut. 

The  small  intestine,  when  mentioned,  is  usually  described  as  being  collapsed,  and 
lying  or  hanging  down  into  the  pelvis,  thus  leading  the  observers  to  the  conclusion 
that  the  consequent  pull  or  drag  upon  the  mesenterj'  was  the  directly  responsible  agent 
for  the  compression  of  the  duodepum  between  the  mesenteric  vessels  and  the  spinal 
column  ;  the  dilatation  of  the  stomach  they  thus  consider  to  be  secondary  to  the 
duodenal  occlusion. 

Evidence  of  acute  inflammation  of  the  upper  portion  of  the  peritoneal  cavity  is  not 
forthcoming  from  any  of  the  post-mortem  reports  I  have  studied. 

PROGNOSIS  AND  TREATMENT. 

An  acutely  dilated  stomach  manifests  little  or  no  tendency  to  spontaneous  cure  ; 
practically  all  the  unrecognized  or  untreated  cases  had  a  fatal  issue.  Conner's  statistics 
in  1907  showed  a  mortality  of  72  per  cent,  LafTer's  investigations  in  the  following  year 
demonstrated  a  resultant  63  per  cent  mortality.  Of  Borchgrevink's  (1913)  collected 
cases,  54  per  cent  died.  Thus,  within  the  past  ten  years  there  is  an  improving  prognosis, 
largely  depending  upon  more  widespread  recognition  of  the  condition  and  better  methods 
of  treatment.  We  get  a  truer  perception  of  the  patient's  chances  if  we  analyze  the 
mortality  of  the  various  methods  of  treatment  adopted  : — 

1. — Of  31  cases  treated  medically,  29  died,  a  mortality  of  93  per  cent 

2. —  „    29  „           „  by  operation,  21      „                 „                72         „ 

3. —  „    54  „           „  ,,    lavage,  25      ,,                 „  nearly  50         „ 

4.—  „    30  „            „  „    posture,  2      „                  „        „         7 

Thus,  of  114  cases  where  postural  treatment  was  not  carried  out,  75  died,  giving  a 
combined  mortality  of  65  per  cent;  whereas  in  the  30  cases  where  postural  treatment  was 
adopted,  the  mortality  is  reduced  with  a  jump  to  below  7  per  cent. 

1.  Medical  Treatment. — Of  the  first  of  the  above  groups,  those  'medically'  treated, 
only  two  survived  ;  in  one  case  recovery  was  attributed  to  the  administration  of 
hormonal ;  in  the  other,  recovery  took  place  despite  the  Fabian  inactivity  of  the  medical 
attendant  ! 


132 


THE    BRITISH    JOURNAL    OF    SURGERY 


2.  Surgical  Treatment. — Of  the  cases  subjected  to  operative  treatment,  five  vary- 
ing surgical  procedures  were  carried  out,  with  the  following  results  : — 

i.  Gastrotomy,  with  evacuation  of  the  contents  of  the  dilated  viscus,  was  carried  out 

on  6  patients,  with  5  deaths. 
ii.  Gastrostomy  was  employed  in  7  cases,  with  6  deaths, 
ill.  Gastro-enterostomy  was  carried  out  7  times,  with  4  deaths, 
iv.  Jejunostomy  was  fatal  in  the  only  case  tried. 

V.  Exploratory  laparotomy  was  performed  on  8  occasions,  and  the  dilated  stomach, 
on  recognition,  emptied  either  by  tube  or  by  manual  compression.  This  procedure  was 
followed  by  5  deaths. 

Thus,  we  see  that  of  31  cases  operated  upon,  only  8  recovered.  These  are  highly 
discouraging  figures. 


I.  Gastrotomy. 

Abbott 

1904 

Cii.  Laffer 

Death 

Appel 

1899 

Cit.  Conner 

Death 

Box  AND  Wallace 

1901 

Lancet,  ii,  1259 

Death 

Farquhar 

1911 

Brit.  Med.  Jour,  i,  675 

Recovery 

Mavlard 

1909 

Brit.  Med.  Jour,  i,  653 

Death 

Hanssen  Loberg 

1910 

Cit.  Borchgrevink 
II.  Gastrostomy. 

Death 

Hoffmann 

1904 

Mtinch.  med.  Woch.  2003 

Death 

Kehr 

Arch.  f.  klin.  Chir.  Iviii,  032 

Death 

SOMMARIN 

1909 

Cit.  Borchgrevink 

Recovery 

Watson 

Cit.  Laffer 

Death 

Wright 

1897 

Practitioner,  .June,  598 

Death 

Schilling 

1907 

Cit.  Borchgrevink 

Death 

Brown 

1899 

Lancet,  ii,  1017 

Death 

III.  Gastro-enterostomy. 

Baillet 

1909 

Bull,  et  Mtm.  Soc.  de  Chir.  191 

Death 

Robinson 

1900 

at.  Laffer 

Recovery 

Brown 

1910 

Bnt.  Med.  Jour,  i,  727 

Recovery 

Korte 

1904 

Deut.  med.  Woch.  1553 

Death 

Remond 

Cit.  Laffer 

Death 

TSCHUDY 

1905 

Cor.  Bl.  f.  schwz.  Aerzte,  80 

Death 

Torrance 

1909 

New  York  Med.  Jour.  Ixxxix,  70 
IV.  Jejunostomy, 

Recovery 

Bloodgood 

1907 

Ann.  Surg,  ii,  736 

Death 

V. 

Exploratory  Laparotomies. 

Hochenegg 

1891 

Wien.  med.  Woch.  No.  8 

Death 

Jessopp 

1888 

Lancet,  i,  726 

Death 

MOORHEAD 

1909 

Jour,  yimer.  Med.  Assoc,  i,  1996 

Recovery, 
by  tube 

Petit 

1900 

Cit.  Conner 

Recovery 

Templeton 

1909 

Clin.  Jour,  xxxiv,  302 

Recovery 

Wahlstrom 

1908 

Cit.  Borchgrevink 

Death 

Bollag 

1913 

Cor.  Bl.  f.  .schwz.  Aerzte,  xliii,  262 

Death 

MOSCHCOWITZ 

1912 

Ann.  Surg.  Iv,  614 

Death* 

*  In  spite  of  subsequent  postural  treatment  and  lavage. 
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3.  Lavage  Treatment — ^The  next  mode  of  treatment,  by  the  frequent  or  continuous 
use  of  the  stomach  tube,  saved  one  case  out  of  every  two.  In  the  6  cases,  where  the 
condition  arose  during  the  course  of  laparotomy,  and  where  the  tube  was  passed  without 
delay,  commencing  dilatation  was  immediately  checked,  and  the  threatening  complication 
warded  off.  The  earliest  possible  use  of  the  tube,  therefore,  is  to  be  recommended 
warmly.  But  once  the  dilatation  has  progressed  to  the  extent  of  producing  a  secondary- 
mechanical  obstruction  of  the  duodenum,  the  tube  fails  as  an  unsupported  line  of  treat- 
ment. Over  and  again  the  remark  occurs  in  the  case  histories,  "  Frequent  lavage  failed 
to  give  relief  after  twenty-four  to  thirty-six  hours,  till  the  prone  position  was  adopted." 
It  seems  a  fair  deduction  that  the  25  deaths  under  the  above  heading  were  due  to  the 
development  of  secondary-  duodenal  obstruction,  and  that  many  of  these,  even  at  the 
eleventh  hour,  might  have  been  saved  by  the  use  of  the  abdominal  jwsition. 

4.  Postural  Treatment — The  adoption  of  the  prone  position  was  first  recommended 
by  Schnitzler,  of  Vienna,  in  1895,  in  a  patient  who  developed  acute  dilatation  of  the 
stomach  within  a  few  hours  of  operation  for  the  cure  of  hernia.  His  patient  had  been 
vomiting  incessantly  for  two  days,  and  on  the  third  day  the  prone  position  was  adopted, 
with  almost  instantaneous  relief. 

The  method  is  simplicity  itself :  the  patient  is  turned  over  on  the  abdomen,  with  a 
large  pillow  beneath  the  pelvis,  and  the  foot  of  the  bed  elevated ;  thereby  the  fluid  which 
has  collected  in  the  lowest  portion  of  the  stomach  is  displaced  upwards  by  gravity ;  the 
fluid  is  then  more  easily  evacuated  out  of  the  stomach,  and  relief  is  given  from  the  down- 
ward drag  of  the  loaded  stomach  on  the  intestine  :  the  essential  feature  of  this  position 
is  the  relief  it  affords  from  the  mechanical  obstruction  of  the  duodenum. 

The  researches  of  McLean,  Hartwell  and  Hoguet,  and  Wilkie,  on  experimental  ileus, 
have  shown  the  importance  of  the  earliest  f)ossible  replacement  by  saline  solution  of  tissue 
fluid  lost  by  vomiting  ;  thereby  the  blood-pressure  is  restored,  and  the  failing  circulation 
re-established  by  the  refilling  of  tb«- vascular  system. 

In  the  early  use  of  the  tube,  the  prone  position,  and  free  injections  of  saline  solution, 
we  have  a  triple  line  of  treatment,  which,  coupled  with  early  recognition  of  the  condition, 
should  almost  rob  this  hitherto  highly  fatal  malady  of  its  terrors. 

*  4:  «  *  «  « 

Since  the  foregoing  paper  was  in  type,  Mr.  W.  I.  de  C.  AVheeler  has  given  me  the 
following  account  of  a  case  of  acute  dilatation  of  the  stomach  which  was  under  his  care 
in  February-,  1918. 

The  patient  was  a  young  man,  admitted  to  hospital  complaining  of  vague  abdominal 
pains.  There  had  been  rapid  loss  of  weight,  and  vomiting  was  a  prominent  symptom. 
Nevertheless  a  diagnosis  of  duodenal  ulcer  was  ultimately  made,  and  the  abdomen  opened 
on  March  4.  A  well-marked  chronic  duodenal  ulcer  was  found.  During  the  explora- 
tion of  the  duodenum  the  stomach  commenced  to  dilate  rapidly  and  progressively  until, 
in  a  few  minutes,  it  had  the  appearance  of  an  over-inflated  child's  balloon.  An  attempt 
was  made  to  anastomose  the  jejunum  to  the  posterior  wall,  but  it  was  found  utterly 
impossible  to  apply  a  clamp  to  the  stomach.  The  anterior  wall  of  the  stomach  was  then 
punctured  with  a  scalpel,  and  collapsed  under  slight  pressure.  The  puncture  wound  was 
closed,  and  gastro-enterostomy  performed.  The  stomach  was  little  more  than  normal 
in  size  at  the  commencement  of  the  operation  ;  dilatation  commenced  at  the  moment 
of  palpation  of  the  duodenal  ulcer.  The  mesentery  was  not  subjected  to  any  pull,  the 
veins  were  not  dilated,  and  no  cause  can  be  assigned  for  the  sudden  distention  of  the 
stomach.     The  patient  made  an  uneventful  recoverj-. 

CONCLUSIONS. 

Acute  dilatation  of  the  stomach  is  a  clinical  entity  of  more  frequent  occurrence  than 
the  text-books  would  lead  us  to  believe.  It  may  arise  after  any  abdominal  operation , 
or  in  the  course  of  a  long  illness. 
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Gastric  distention  is  the  primary  condition  ;  in  about  25  per  cent  of  cases  duodenal 
obstruction  supervenes  as  a  secondary  phenomenon. 

Gastric  atony  is  necessary  for  its  occurrence  ;  the  primary  distending  agent  is  most 
probably  gas,  due  to  air-swallowing  during  narcosis. 

Early  recognition  of  the  condition  and  prompt  use  of  the  stomach  tube  will  suffice 
to  prevent  the  secondary  duodenal  obstruction.  Operative  intervention  for  the  relief  of 
the  fully  developed  condition  is  unnecessary,  and  futile  in  the  majority  of  cases. 

The  use  of  the  prone  position,  and  a  replacement  of  tissue  fluid  depleted  by  vomiting 
by  intravenous  saline  solutions,  has  saved  many  apparently  desperate  cases,  and  should  be 
adopted  as  a  routine  procedure. 

The  etiology  of  the  condition  is  as  yet  obscure  :  further  study  along  the  lines  of 
experimental  physiology  is  necessary  for  its  elucidation. 
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NOTES    ON    A    CASE    OF    INTESTINAL    OBSTRUCTION:    WITH 
COMMENTS    ON    BURSTS    OF    THE    INTESTINE. 

By   RUTHERFORD    MORISON,    Newcastle-on-Tyne. 

The  patient,  a  man,  age  66,  was  admitted  to  a  private  hospital,  Feb.  21,  1918.  I  had 
seen  him  at  home  two  days  eariier  and  elicited  the  following  historj'.  Ever  since  the  age 
of  twenty  he  had  been  troubled  at  frequent  intervals  with  his  'stomach,'  and  always  had 
to  live  with  special  care.  During  the  '  attacks'  he  vomited  and  had  some  epigastric  pain, 
but  never  either  vomited  or  passed  blood.  The  '  attacks  '  were  always  cured  by  holidays 
and  freedom  from  worry,  and  for  the  thirteen  years  preceding  the  present  illness  he  had 
been,  for  him,  more  than  usually  well. 

The  present  trouble  began  in  the  early  months  of  1917,  and  seemed  at  first  to 
be  exactly  of  the  same  nature  as  his  previous  attacks — epigastric  pain  and  sickness.  He 
was  much  worried  at  this  time  both  professionally  and  at  home,  and  was  sleepless. 

The  digestion  trouble  seemed  gradually  to  get  worse,  and  about  six  weeks  before  my 
visit  an  additional  pain  was  added  to  the  digestion  one.  After  dinner  at  7.30  p.m.  he  felt 
uneasy,  and  on  five  occasions  had  been  attacked  by  paroxysmal  pain.  After  going  to  bed 
a  feeling  of  distention,  followed  by  a  violent  pain,  developed.  The  pain  always  began  at 
the  umbiUcus,  and  sometimes  spread  to  the  right  side,  but  never  reached  as  high  as  the 
costal  margin.  The  pain  was  accompanied  by  loud  rumblings  of  wind  and  inability  to 
pass  flatus.  When  this  could  be  accomplished,  relief  came.  Otherwise  each  attack  lasted 
for  about  two  hours,  and  ended  in  vomiting  the  food  which  he  had  taken  ;  this  and  a 
hypodermic  injection  of  morphia  gave  relief.  The  next  day  after  an  attack  liis  health 
was  as  usual.     The  last  of  these  attacks  occurred  a  fortnight  ago. 

Present  Condition. — A  very  thin  frail  man,  who  had  lost  one  stone  in  weight  during 
the  past  5'ear.  On  examining  his  abdomen,  I  discovered  an  indefinite  but  very  tender 
nodule  deep  in  his  right  iUac  fossa,  above  and  internal  to  the  position  of  the  appendix 
{Fig.  126,  a).  Once,  momentarily,  I  felt  a  spasm  of  increased  peristalsis  and  heard  a 
rumble.  Nothing  else  was  found.  The  view  I  took  was  that  he  probably  had  a  malignant 
stricture  of  the  intestine,  with  threatened  obstruction,  and  he  was  admitted  to  a  private 
hospital  for  further  observation,  consultation,  and  examination.  X-ray  examination  and 
a  bismuth  enema  excluded  a  malignant  stricture  of  the  colon.  A  bismuth  meal,  followed 
by  ar-ray  examination,  showed  apparently  normal  passage  of  stomach  contents  through 
the  small  intestine  into  the  caecum.  For  a  few  days  after  this  he  was  encouraged  to  eat 
ordinary  food,  and  was  examined  at  frequent  intervals.  He  experienced  no  discomfort 
from  food,  and  nothing  further  being  found  to  confirm  my  diagnosis,  he  was  sent  home 
with  directions  to  return  at  once  if  there  was  any  recurrence  of  the  attacks.  Unfortu- 
nately he  was  prejudiced  against  operation,  and  though  warned  by  increasing  attacks, 
did  not  return  till  March  15,  1918,  with  active  obstruction  of  small-intestine  type, 
producing  severe  paroxysmal  pains,  visible,  audible,  and  palpable  peristalsis,  inability  to 
pass  flatus,  and  frequent  vomiting. 

First  Operation,  March  16,  1918. — His  abdomen  was  opened  in  the  middle  line  by 
excision  of  the  umbilicus.  Much  distended  reddened  smaU  intestine  attempted  to  escapje, 
but  was  restrained  by  a  large  mop  wrung  out  of  hot  normal  saline.  The  cjecmn  was  first 
sought  for  and  foimd— it  was  normal.  The  ileum  entering  it  was  of  small  size  and  pallid 
colour.  On  foUowing  this  upward,  about  two  feet  above  the  ileocolic  junction,  a  hard 
nodule,  obviously  malignant  growth,  was  found,  puckering  and  contracting  the  gut  by 
extending  round  it  and  infiltrating  the  mesenterj%     (This  nodule  was  what  I  had  felt 
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during  an  early  examination.)  There  was  no  sign  of  obstruction  above  the  growtii.  On 
following  the  pallid  empty  intestine  upward  about  two  feet  higher  a  similar  growth  was 
eneoimtered,  and  this  was  clearly  the  cause  of  the  obstruction.  Above  it  the  intestine 
was  tense,  much  distended,  and  reddened,  in  marked  contrast  with  the  flaccid  empty  pallid 
condition  of  the  gut  below.  Remembering  a  previous  experience  which  had  let  me  and 
the  patient  in  for  a  second  attack  of  obstruction  soon  after  the  operation,  I  pulled  down 
and  examined  the  distended  intestine  above  before  doing  anything  further,  and  about 
two  feet  higher  than  the  stricture  which  was  causing  the  obstruction  I  found   a  third, 

almost  occluding  the  portion  of  bowel  it  involved. 
The  mesentery  throughout  was  studded  with  enlarged 
glands  ;  there  were  no  growths  in  the  liver  or  else- 
where in  the  abdomen. 

A  large  lateral  anastomosis  was  made  between 
the  ileum  above  the  highest  stricture  and  the  trans- 
verse colon. 

After  this  operation  the  intestinal  symptoms  at 
once  disappeared,  and  during  the  first  twenty-four 
hours  flatus  and  faeces  passed  ;  but  the  patient  was 
so  ill  and  feeble  that,  having  relieved  him,  I  had 
almost  decided  to  do  nothing  further.  In  the  third 
week  his  general  condition  had  much  improved,  but 
recurring  griping  pains  and  renewed  audible  rumblings 
made  it  clear  that  his  intestine  had  increased  difliculty 
in  emptying  itself,  and  knowing  what  we  did,  we 
concluded  that  the  bowel  was  likely  soon  to  burst 
below  the  anastomosis  and  between  the  two  strictures 
if  nothing  further  was  done. 

Second  Operation,  April  2,  1918. — The  abdomen 
was  reopened  through  the  old  incision.  The  ileum 
was  divided  below  the  anastomosis,  isolated  from  its 
mesentery  down  to  the  caecum,  and  the  whole  excised, 
both  upper  and  lower  ends  being  closed  by  sutures 
{Fig.  126).  Recovery  from  this  second  operation  was 
in  reality  uneventful,  and  the  day  following  it  the 
patient  was  entirely  relieved.  In  three  weeks  he 
returned  home  well,  and  continues  to  be  so  still, 
though  he  has  two  or  three  daily  motions. 


Fig.  126. — Portion  of  bowel  removed, 
irieatiirirm  o  feet  9  inches.  It  was  filled  with 
Water  from  botli  ends,  before  beinp  plioto- 
graphed.  a,  Ix)wer  stricture ;  b.  Stricture 
causUiix  obstriK'tion  found  at  operation  (and 
LOW  completely  impermeable) ;  c,  Stricture 
'••  arest  to  site  of  anastomosis.  Note  specially 
:  ■  ';  (listentiot)  between  6  and  c,  where  the 
iiitrsUne  was  almost  excluded  by  the  two 
^'i-owtlis  and  would  soon  have  burst.  Micro- 
scopically, the  growth  was  a  columnar-celled 
carcinoma. 


In  a  paper  on  intestinal  obstruction  published 
in  the  Edinburgh  Medical  Journal  so  long  as  fourteen 
years  ago  (July  and  August,  1904),  I  wrote  as 
follows  :  — 

More  than  once  I  have  seen  the  ileunn 
united  to  the  sigmoid  flexure  in  obstruction 
situated  between  the  caecum  and  sigmoid.  The 
result  has  been  distention,  gangrene,  and  per- 
foration of  the  caecum,  and  death  from  periton- 
itis a  few  weeks  after  the  operation.  Though 
I  have  drawn  attention  to  this  self-evident  fact  before — self-evident  if  tlie  usual  com- 
petency of  the  ileocaecal  valve  to  resist  the  escape  of  any  of  the  cajcal  contents 
backwards  be  remembered — it  does  not  seem,  judging  by  recorded  cases,  to  have 
met  with  imi versa!  recognition. 

In  the  British  Journal  of  Surgkry,  1915,  No.  10,  in  a  paper  with  the  title  of 
"  Notes  on  Surgical  Diseases  of  the  Colon— a  Warning,"  I  related  cases  illustrating  and 
emphasizing  the  danger  of  rupture  of  the  intestine  following  thoughtless  operations  for 
the  'cure  of  obstruction  due  to  strictures  of  the  colon. 
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Hamilton  Drummond  has  done  much  vaUiable  experimental  surgical  work  during 
the  war,  and  in  connection  with  the  subject  of  my  communication  has  settled  the  relative 
importance  of  bacteria  and  tension.  He  isolated  a  loop  of  intestine  (cats  and  hares)  by- 
dividing  it  at  either  end,  and  restored  the  intestinal  circulation  by  an  anastomosis.  In 
one  series  of  animals  he  returned  the  open  loop  into  the  abdomen,  into  which,  of  course, 
its  contents  and  secretion  discharged.  These  animals  recovered.  In  another  series  he 
sutured  the  di\ided  ends  of  the  intestinal  loop  and  returned  it  to  the  abdomen  securely 
closed.  After  making  a  good  recovery'  from  the  operation,  these  animals  sooner  or  later 
all  died  or  were  about  to  die  unless  saved  by  a  further  operation  involving  excision  of  the 
distended  loop.  Post-mortem  examinations  showed  that  the  loop  was  gangrenous  and 
perforated.  In  all  cases  it  contained  putrid  stinking  contents,  and  before  it  burst 
presented  the  same  appearance  as  the  rotten-sausage  appendix. 

G.  Grey  Turner  is,  so  far  as  I  know,  the  only  other  surgeon  who  has  published 
anj-thing  dealing  with  this  problem.  In  the  British  Journal  of  Surgkry,  1916,  No.  14, 
in  a  paper  entitled,  "  The  Dangers  of  Intestinal  Occlusion,''  he  relates  and  illustrates 
cases  bearing  upjon  this  subject,  and  says  : — 

As  exclusion  operations  are  frequently  performed,  the  matter  imder  consideration 
may  be  the  cause  of  unsuccessful  results  more  frequently  than  is  generally  supposed. 
Examinations  after  death  are  not  often  made  in  the  case  of  patients  who  die  at 
their  own  homes,  especially  when  the  disclosures  of  a  recent  operation  apparently 
render  them  unnecessarj-.  In  text-lxwks  the  subject  is  either  insufficiently  referred 
to  or  altogether  ignored.  These  considerations  have  therefore  encouraged  me  to  report 
my  experiences. 

Compare  these  statements  with  the  teaching  of  one  of  the  greatest  surgeons  in  the 
most  recent  text-book  (Binnie's  Regional  Surgery,  p.  216).  This  encourages  me  to 
reiterate  a  warning  already  so  often  given.     The  large  intestine  is  in  question  : — 

Palliative  Operations. — In  a  certain  number  of  cases  the  affected  bowel  cannot 
be  resected  Ijecause  of  the  involvement  of  structures  which  eannot  be  removed. 
In  these  cases  palliative  measures  become  imperative.  Ileocolostomy,  in  which  the 
ileum  is  joined  to  some  part  of  the  colon  beyond  the  point  of  obstruction,  is  fre- 
quently indicated. 

This  is  surely  sufRcient  reason  for  drawing  attention  again  to  the  dangers  of  such 
methods  as  applied  to  the  colon.     The   case  recorded  is  an   interesting  proof  that  the 
same    principles    hold  good   for  the  small   intestine,  and 
that   similar   warning  may  be  needful  for  it  ;     but  there 
are  some  other  jKjints  of  great  practical  imjjortance  which 
consideration  of  the  case  suggests. 

Gangrene  of  the  Hollow  Viscera. — Before  going 
further  I  would  like  to  reiterate  my'  teaching  as  to  how 
the  bursting  of  the  excluded  bowel  is  brought  about.  It 
is  by  the  formation,  first,  of  round  or  oval  gangrenous 
patches,  and  if  these  do  not  perforate,  of  gangrene  of 
the  whole  of  the  involved  loop.  In  current  literature 
gangrene  of  the  hollow  viscera  is  usually  attributed  to 
bacterial  infection,  but  I  cannot  recall  a  single  instance 
in  which  this  \iew  could  reasonably  be  accepted.  All  of 
us  thought  before  the  war  that  gas  gangrene  at  least  was 
primarily  due  to  infection  with  a  special  organism.  It 
now  seems  that  even  in  this  variety,  vascular  defects  are 
the  essential  priman,'  cause,  and  bacterial  infection  second- 
ary. The  same  is  certainly  true  of  the  hollow  viscera, 
with  ver\^  rare  exceptions, 

A  much  more  common  cause  than  is  usually  believed,  and  which  I  have  described  as 
'tension  gangrene,"  is  not  yet  sufficiently  appreciated.  By  the  kindness  of  the  publishers, 
Messrs.   John  Wright  &   Sons,  I  am  able  to  reprint  illustrations  of  it  which  appeared 


Stone  Impacted 


Common  Duct 


Fig.  \il — Diagram  of  gall-bladder  to 
iUnstrate  tension  gangrene. 
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FiC.  128. — Tension  gangrene  of  bladder.  A,  Prostatic 
abscess;  G,  Gangrene;  1,  Superior  vesical  arteries. 
",  Mid-vesical  arteries ;  3,  Inferior  vesical  arteries. 
The  diagram  is  from  a  specimen  removed  from  a  young 
man  who  had  retention  of  three  days'  duration  from  acute 
gonorrhoeal  prostatitis  and  excessive  whisky  drinking. 


FlC.  129.- 


-Diagram  of  appendix  to  illustrate 
tension  gangrene. 


Fig.  130. — Acute  intestinal  obstruction  of3^two  days' 
duration.  A,  Gangrenous  patch;  /<,  Small  intestine 
distended  :  C,  Constricting  band  ;  D,  Collapsed  intes- 
tine ;    F,  Mesenteric  vessels. 


Flo.  131. — Diagram  to  illustrate  tension  gangrene 
in  the  csBcum. 
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in  my  book  .1/?  Introduction  to  Surgery.  They  are  typical  of  a  form  of  gangrene 
frequently  seen  by  anyone  on  the  look  out  for  it,  a  form  which  commences  as  a  round 
or  oval  patch  in  a  distended  hollow  viscus  at  the  point  furthest  from  the  chief  source  of 
its  vascular  supply  {Figs.  127.  12S.  129,  130,  131). 

The  case  I  have  related  gives  an  opportunity  of  describing  another  cause  of  gangrene 
of  the  hollow  \nscera  which,  though  not  common,  may  be,  and  has  in  my  experience 
proved  to  be,  the  cause  of  disconcerting  accidents. 

The  carcinomatous  growth  in  the  case  recorded  resembles  a  signet  ring,  with  its  seal 
in  the  mesenteric  border,  the  ring  encircling  the  gut.  In  the  mesentery-  there  are  also 
enlarged  glands.  Either  the  thickened,  seal-like  induration  in  the  mesentery-  may  obstruct 
the  circulation  sulTiciently  to  cause  ring  gangrene  of  the  gut,  or  an  enlarged  gland 
obstructing  one  of  the  larger  branches  may  cause  more  extensive  gangrene  of  the  same. 
I  have  had  experience  of  both  following  simple  exploratory'  operations,  and  do  not  doubt 
that  the  cardiac  failure  consequent  on  operation  was  the  determining  cause  of  thrombosis 
of  vessels  interfered  with  by  a  growth,  either  cancerous  or  sarcomatous. 

Another  point  which  consideration  of  my  case  suggests  refers  to  the  question  of 
palliative  operations  for  cancer,  and  for  tubercle,  which  so  closely  resembles  it  clinically. 
My  own  belief,  expressed  many  years  ago,  is  that  in  the  abdomen  especially  such  operations 
are  not  sufficiently  often  performed.  In  this  patient  I  could  entertain  no  hope  of  cure  ; 
but  to  give  complete  relief  and  restore  apparent  health,  even  though  for  a  short  time,  in 
an  other^vise  hopeless  and  painful  condition,  is  abundant  justification  of  it  ;  and.  better 
still,  in  a  small  percentage  of  cases  the  results  will  be  more  successful  than  the  most 
sanguine  surgeon  dare  anticipate. 
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RUPTURE    OF    THE    SMALL  INTESTINE    INTO    THE  MESENTERY, 
THE    RESULT    OF    INDIRECT    VIOLENCE    OF    A    MISSILE. 

By     Major    HAMILTON    DRUMMOND,    R.A.M.C.  (T.F.) 

Gunshot  wounds  of  the  hollow  viscera  caused  by  indirect  violence  have  been  described 
by  many  writers  in  this  war,  and  Surgeon- (ieneral  Wallace  deals  fully  with  the  subject 
in  his  Lettsomian  Lectures,  191 7. ^  In  a  paper  with  Capt.  J.  S.  Dunn.'-  we  described  a 
condition  of  laceration  of  the  colon  followed  by  ulceration  caused  by  missiles  which 
passed  close  to  the  colon  without  actually  touching  the  injured  gut.  We  noted  how 
the  damage  not  infrequently  extended  beyond  the  bowel  wall,  resulting  in  perforation 
and  peritonitis  or  retroperitoneal  cellulitis  ;  such  wounds  are  therefore  of  so  serious  a 
nature  as  often  to  prove  fatal. 

The  wounds  about  to  be  discussed  occur  in  the  small  intestine,  and  were  first  described 
by  Captain  John  Fraser.^  They  resemble  the  colon  wounds  already  mentioned,  because 
the  passing  projectile  brings  about  an  explosive  action  on  the  bowel  which  results  in  a 
burst  at  its  weakest  point.  Before  describing  the  condition  further,  the  following  four 
cases  will  serve  to  illustrate  the  points  of  importance  in  this  type  of  wound. 

Case  1. — D.,  age  22,  was  wounded  at  11.30  p.m.,  and  admitted  to  liospital  five  hours 
later.  He  was  much  shocked  on  admission  ;  pulse  120.  The  abdomen  was  retracted,  rigid, 
and  without  any  movements.  A  portion  of  the  transverse  colon,  with  omentum,  prolapsed 
from  the  exit  wound  in  the  mid-axillary  line  at  the  level  of  the  tenth  rib  on  the  left  side  ; 
the   entry   wound   was   small,   and   was   situated   over  the   fourth   lumbar  spine. 

.  He  was  operated  upon  six  hours  after  being  wounded.  Operation  revealed  a  bruise 
wound  in  the  jejunum  about  three  feet  from  the  uj)per  fixed  end  ;  a  circular  haemorrhage 
extended  round  the  bowel  and  up  into  its  mesentery.  The  leaves  of  the  mesentery  were 
intact,  although  distended  with  blood-clot  ;  on  squeezing  the  bowel  on  each  aspect  of  the 
bruised  area  the  mesenterv-  was  seen  to  distend  with  gas,  clearly  indicating  a  rupture  of  the 
gut  between  the  leaves  of  the  mesentery,-.  The  condition  was  dealt  with  by  freely  tearing 
with  dissecting  forceps  the  peritoneum  covering  the  damaged  area,  and  thus  exposing  the 
portion  of  bowel  wall  uncovered  by  peritoneum.  This  allowed  of  the  escape  of  gas  and 
liquid  intestinal  contents  through  a  rupture,  which  showed  the  typical  cversion  of  mucous 
membrane  usually  found.  The  hole  in  the  gut  was  closed  by  a  silk  jnirse-string  suture, 
followed  ]>y  another  suture  to  approximate  the  torn  edges  of  the  mesentery.  There  were  other 
more  severe  injuries  to  the  colon  and  spleen,  which  accounted  for  death  twenty-six  hours  after 
operation. 

Post  mortem,  the  ])ullet  track  was  found  to  pass  forwards  and  to  the  left,  through  the 
dee[)  muscles  of  the  back,  behind  the  deseeiuling  colon,  and  through  the  posterior  margin  of 
the  spleen.  Then  it  passed  through  the  diaphragm  at  its  costal  attachments,  and  through  the 
ninth  and  tenth  ribs,  portions  of  which,  1  to  1^  inches  in  length,  were  missing. 

From  a  careful  study  of  serial  anatomical  secti{)ns  of  the  body,  it  wotdd  appear  that 
the  missile  did  not  come  in  direct  contact  with  the  jejunum,  but  in  its  course  through  the 
deep  muscles  of  the  back  injured  both  colon  and  jejunum  indirectly. 

Ca^e  2. — M.,  age  21,  was  admitted  to  hospital  six  hours  after  being  wounded.  As  the 
result  of  his   injuries   he  died   of  shock   two   hours   later. 

The  wound  of  entry  was  in  the  right  ilio-costal  space  in  a  direct  line  with  the  lower 
angle  of  the  .scapula  ;  the  exit  wound  was  in  the  left  flank  in  the  anterior  axillary  line  on 
the  same  level.  The  missile  had  passed  below  the  lower  {)ole  of  the  right  kidney,  which 
showed  I)ruising  but  no  laceration  ;  it  had  entered  the  Ijody  of  the  third  lumbar  vertebra, 
which  showed  much  comminution  ;  and  in  its  course  had  toni  a  large  hole  in  the  transverse 
colon  near  the  splenic  flexure,  and  also  a  looj)  of  the  upper  jejunum.  There  were  no  more 
ruptures  of  the  small  intestine,  but  the  following  ha-morrhages  occurred  in  the  l)owel  wall  at 
different  points.      In  the  upfx-r  jejunimi  were  a  numl)cr  of  hicmorrhagic  areas.      Each  bruised 
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Fig.  132. — Wound  of  small  intestine  cansed  by  indirect  violence 
(Case  3).  Before  dissection  of  mesentery  and  peritoneal  coat  of 
bowel  the  specimen  presente<l  the  same  ap|)earance  as  sten  in  Fig.  133. 
The  blood-clot  around  the  ruptured  vessel  has  been  removed. 
Dissection  shows  thrombosis  and  rupture  of  a  vessel  at  a  point  where 
it  enters  the  bowel  :  the  muscle  coats  of  the  bowel  here  are  lacer- 
ated, but  show  no  tear  in  the  mucous   membrane. 


area  extended  along  the  bowel  for  1  in.  to  li  in.  of  its  length,  and  involved  the  whole 
circumference  of  the  gut.  Opposite  most  of  these  haemorrhages  the  adjacent  mesentery  showed 
a  triangular-shaped  area  of  extra vasated  blood,  as  seen  in  Fig.  133.  The  intestine  between 
these  injuries  presented  a  normal  appearance.  A  second  group  of  similar  lesions  was 
present  in  the  lower  jejunum,  and  several  single  ones  occurred  in  the  ileum.  None  of  these 
injuries,  however,  showed  any  rupture 
of  the  leaves  of  the  mesentery  or  of 
the  intestinal  wall.  The  descending 
colon  showed  several  similar  damaged 
areas. 

Case  S. — C.,  wounded  at  2.15  p.m. 
Aug.  6,  1917,  was  admitted  to  hos- 
pital 4.50  p.m.  on  the  same  day. 
He  died  of  shock,  the  result  of  his 
wounds,  one  hour  after  admission. 

In  addition  to  severe  limb  wounds, 
he  had  a  compound  fracture  of  the 
pelvis  and  abdominal  injuries.  There 
was  a  large  entry  wound  the  size  of 
a  five-shilling  piece  above  and  in  front 
of  the  great  trochanter  of  the  left 
femur.  The  missile  lay  subcutaneously 
at  a  point  a  verj'  short  distance  behind 
the  anterior  superior  spine  of  the  left 
ilium.  There  was  an  extensive  fracture 
of  the  left  iliac  crest,  which  could  be 
freely  rocked  to  and  fro.  The  i)eri- 
toneal  cavity  contained  no  blood,  and 
the  missile  had  never  perforated  it. 

The  following  small-gut  injuries 
were  discovered  :   In  the  lower  jcjunimi 

there  were  two  areas  of  ha-morrhage,  each  about  IJ  inches  in  length,  and  extending  around 
the  whole  circumference  of  the  gut  wall  imder  the  peritoneum.  About  one  foot  of  healthy 
intestine  separated  the  two  areas.  Both  showed  extravasation  of  blood  into  the  mesentery. 
On  dissection,  these  hemorrhagic  areas  showed,  after  removal  of  the  peritoneum  of  the  bowel 
and   mesenterj-,  a   rupture  of  a  large  vessel  as  it  entered  the  bowel  wall.     The  torn  vessel  was 

thrombosed,  and  surrounded  by  extra- 
^^^^  vasated    blood    which     had    foimd     its 

t  '^^^^^  way  along  the  paths  of  least  resistance 

^P^^^         towards     the     larger    vessels     of      the 
^^^^^        mesentery-,     and    to     a     lesser     extent 
^fl^^l       around  the  circumference  of  the  bowel 
^^H  The    muscle    tissue    of    the    bowel 

-^^B       wall,  at  a  point  where  the  torn  vessels 
—  ^^       dip    through    the    coats    to    reach    the 

mucous  membrane,  showed  laceration, 
but  there  was  no  tear  of  the  mucous 
membrane  itself  at  this  point  {Fig.  132). 
Examination  of  the  mucous  membrane 
from  within  showed  a  thinning  of  this 
coat,  with  haemorrhagic  staining,  but 
no  perforation. 

Case  4.- — F.  S.,  wounded  by  a  shell 
fragment,  was  operated  upon  three  hours 
after  his  injuries.  On  admission  he 
suffered  from  a  moderate  degree  of 
shock.  There  was  a  large  single  entry 
wound  on  the  left  side  of  the  abdominal 
wall,  midway  between  the  anterior 
superior  spine  and  the  umbilicus, 
through  which  about  half  the  small 
intestine  prolapsed.     In  one  place  the  gut^had  been  completely  divided  across. 

Operation  under  ether  anaesthesia  revealed  eleven  holes  in  coils  of  the  jejunum  and 
ileum,  and  in  two  places  the  jejunum  was  found  to  be  divided  across,  with  considerable 
damage  to  the  mesentery.  The  damaged  area  was  resected  and  an  anastomosis  made.  In 
addition  to  these  injuries,  there  was  a  large  laceration  of  the  mesentery  of  the  pelvic  colon, 
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Fig.  133.— Bullet  wound  of  the  small  intestine  {Case  4).  The 
leaves  of  the  mesentery  are  intact.  The  ruptiu^  occurs  in  the 
portion  of  bowel  unsupported  by  peritoneum.  At  the  site  cf 
rupture  the  mesentery  is  discoloured,  from  extravasation  of  blood 
and  intestinal  contents  between  its  leaves.  Xote  the  haemorrhagic 
discoloration  around  the  circumference  of  the  bowel. 
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and   a   compound   fracture  of  the   ilium   on   the   left  side,   with   much  damage   to  the   iliacus 
muscle. 

Examination  of  the  resected  |)ortion  of  small  intestine  showed  four  areas  with  contusion 
of  the  mesentery-  and  luemorrhafiic  stainin<j  around  the  bowel,  similar  in  appearance  to  the 
condition  described  in  Case  1.  The  largest  one  involved  the  upper  jejunum,  with  several 
inches  of  healthy  bowel  on  each  side  of  it.  By  making  pressure  on  the  gut  on  each  side  of 
the  bruised  mesentery,  gas  from  the  intestine  could  be  squeezed  between  the  mesenteric 
leaves.  The  drawing  {Fig.  133)  shows  distention  of  the  mesentery  between  its  leaves,  due  to 
the  extravasidion.  On  examination  of  the  bowel  from  within,  there  was  a  dclinite  circular 
l>erforation  large  enough  to  admit  an  ordinary  round  lead  pencil  {Fig.  134).  The  vessels  in 
the  mesenterj'  leading  to  the  point  of  rupture  in  the  bowel  wall  were  thrombosed  and  showed 
laceration. 

There  can  be  no  doubt  that  many  perforations  of  the  small  bowel  due  to  indirect 
violence  occur  in  other  sites  than  those  just  described — -namely,  into  the  mesentery — for 

munerous  cases  are  on  record  in 
which,  although  the  peritoneum  has 
not  been  opened,  the  gut  was  rup- 
tured on  its  lateral  or  antimesenteric 
border.  Experience  has  also  taught 
us  that  when  a  projectile  passes 
directly  through  the  abdomen,  leaving 
only  small  entry  and  exit  wounds, 
sometimes  a  surprising  amount  of 
laceration  of  small  intestine,  appar- 
ently without  any  direct  wounding 
of  it,  may  follow.  How  many  of 
such  wounds  are  caused  by  direct 
hits  from  the  projectile  and  how 
many  by  burst  -  wounds  through 
indirect  violence,  is  an  interesting 
question. 
Fig.  132  (Case  3)  serves  to  illustrate  the  way  in  which  burst-wounds  into  the  mesentery 
are  caused.  The  drawing  shows  an  injury  to  the  bowel,  caused  indirectly  by  the  passing 
missile,  resulting  in  the  rupture  of  a  vessel  as  it  enters  the  bowel  wall  from  the  mesentery. 
The  tear  of  the  vessels  in  this  case  must  have  been  due  to  a  sudden  impact  transmitted 
from  the  missile  on  the  wing  of  the  ilium  which  was  fractured  ;  for  no  missile  could  have 
perforated  the  peritoneum,  since  it  was  not  wounded.  Moreover,  this  is  the  point  where 
rupture  of  the  vessels  would  be  most  likely  to  occur  from  indirect  violence,  viz.,  at  the 
junction  of  a  movable  with  a  more  fixed  portion — a  well-known  principle  applicable  to 
all  injuries.  In  this  instance  the  blow  on  the  intestine  was  not  severe  enough  to  cause 
a  burst-wound  of  the  gut,  for  it  merely  shows  a  wound  of  lesser  degree. 

In  Case  2,  where  a  rifle  bullet  passed  across  the  posterior  aspect  of  the  abdomen,  the 
explanation  offered  is  that  some  sudden  'pull'  action  on  the  small  gut  tore  the  vessels  but 
did  not  rupture  the  gut,  and  multiple  hjemorrhages  on  the  bowel  and  its  neighbouring 
mescnterv"  resulted. 

In  Cases  1  and  4.  in  addition  to  tearing  of  the  vessels,  rupture  of  the  gut  occurred. 
This  was  probably  brought  about  by  the  sudden  impact  of  the  passing  missile  on  a  gas- 
filled  sac.  The  weakest  point  in  the  small  intestine  lies  between  the  leaves  of  the 
mesentery,  for  there  the  bowel  is  unsupported  by  peritoneum,  and  gaps  in  the  muscular 
coat  allow  the  passage  through  of  the  vessels  from  the  mesentery  to  the  mucous  and 
submucous  coats  make  it  more  vulnerable. 

It  has  already  been  mentioned  that  similar  burst-wounds  occur  in  the  colon,  and  they 
are  produced  by  missiles  as  they  pass  in  close  proximity  to  the  intestine  in  the  same  way. 

It  is  important  to  note  that  the  results  of  the  small  intestine  burst-wounds  are  much 
less  serious  than  those  in  the  large  intestine,  for  the  two  following  reasons  : — 

In  the  first  place,  in  the  case  of  the  small  gut  the  rupture  takes  place  into  the 
mesentery  ;   if  the  leaves  of  the  mesentery  remain  intact,  as  in  Cases  1  and  4,  they  form  a 


Fig.  134. — Same  s)jeoimeii  as  Fiy.  133,  laid  open  to  show  tlie 
rupture  into  the  leaves  of  the  mesentery.  Removal  of  the 
mesentery  showed  a  typical  rosette-like  protrusion  of  mucous 
membrane,  with  thrombosis  and  laceration  of  the  vessels  at  the 
point  of  rupture  of  the  bowel. 
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substantial  support,  and  if  circumstances  are  favoui-able  the  wound  would  in  all  proba- 
bility progress  to  a  natural  cure.  The  large  intestine,  as  already  stated,  bursts  more 
frequently  between  the  longitudinal  muscles,  and  often  behind  the  peritoneum,  where  no 
great  protection  is  available. 

Secondly,  the  question  of  infection  :  in  the  small  bowel  there  is  less  organismal 
activity  in  the  intestinal  contents,  and  consequently  ulceration  of  the  mucous  membrane 
has  never  been  noticed  in  connection  with  these  wounds  except  in  cases  examined  twenty- 
four  hours  after  death.  In  the  case  of  the  large  intestine  the  mucous  membrane  may 
slough  as  early  as  seven  hours  after  the  injurj\ 

It  is  of  interest  to  note  that  in  this  type  of  burst -wound,  whether  in  the  large  or  small 
bowel,  the  burst  occurs  in  the  same  position  as  that  in  which  pathological  sacculi  (or, 
according  to  present  surgical  fashion,  acquired  diverticula)  of  that  particular  part  of  the 
intestinal  tract  are  ordinarily  found.  The  common  site  for  pathological  sacculi  in  the 
colon  is  in  the  normal  sacculi  of  the  gut  ;  whereas  the  only  place  where  sacculi  are  found 
in  the  small  intestine  is  between  the  leaves  of  the  mesentery.  In  both  instances  the  weak 
musculature  at  points  where  blood-vessels  perforate  the  gut  wall  is  largely  responsible  for 
this  condition.  ^loreover,  it  seems  reasonable  to  think,  after  observation  of  the  pathology 
of  these  gunshot  wounds,  that  small-intestine  sacculi  might  well  be  produced  by  trauma 
received  many  years  previously. 
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SHORT    NOTES    OF 
RARE     OR     OBSCURE     CASES. 


A    CASE    OF    SUBASTRAGALOID    DISLOCATION    REDUCED    BY    OPERATION 

AFTER    SEVEN    WEEKS. 

By  Major  S.    ALWYN    SMITH,    D.S.O.,    R.A.M.C. 

SuBASTRAGALOiD  dislocations  may  be  divided  into  two  groups.  The  true  form  is  that  in 
which  the  astragahis  continues  to  articulate  with  the  tibia  and  fibula,  but  is  dislocated  from 
its  articulation  with  the  os  calcis  and  scaphoid.  In  the  second  variety  the  astragalus  is 
separated  from  its  articulation  with  the  bones  of  the  leg  as  well  as  from  that  with  the  os 
calcis  and  scaphoid,  the  so-called  complete  dislocation. 


flc.  135. — Foot  before  operation. 

The  case  in  question  appears  to  come  under  the  former  rather  than  the  latter  category, 
although  the  astragalus  was  found  to  be  displaced  backwards  at  the  ankle-joint,  and  was 
completely  dislocated  from  its  articulation  with  the  os  calcis  and  scaphoid. 

The  patient,  E.  H.,  a  gunner  in  the  R.F.A.,  was  admitted  to  the  orthopaedic 
department  of  a  war  hospital  on  May  22,  1917.     He  had  been  injured  on  April  17  ;   while 
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he  was  taking  cover  in  a  cellar,  a  5*9  shell  hit  the  building  and  burst  through  the  ground 
floor,  the  timbers  of  which  fell  on  the  patient's  legs.  He  was  taken  to  a  casualty  clearing 
station,  and  an  unsuccessful  attempt  was  made  to  reduce  the  deformity  of  the  right  foot 
under  a  general  ansesthetic.  A  box  splint  was  applied,  and  he  was  sent  down  the  line 
to  England.  A  second  attempt  to  reduce  the  deformity  was  made  at  a  hospital  in  this 
country  :    but  again  without  success. 

Condition  on  Admission. — There  is  a  Pott's  fracture  of  the  left  ankle,  imiting  in 
good  position.  The  right  foot  (Fig.  135)  is  markedly  adducted  at  the  mid-tarsal  joint,  and 
is  in  a  position  of  extreme  varus,  the  appearance  of  a  well-marked  case  of  club-foot.  An 
adventitious  mass  of  bone  is  felt  in  ftt)nt  of  the  external  malleolus.  The  back  of  the 
ankle-joint  is  markedly 
thickened,  obliterating 
the  contours  of  the 
malleolus  and  the  tendo 
Achillis.  Circulation  is 
good  ;  there  is  no  evi- 
dence of  gangrene,  but 
the  foot  is  slightly 
swollen  as  if  there  is 
some  slight  impedi- 
ment to  venous  return. 
A  skiagram  (Fig.  136) 
shows  the  astragalus 
to  be  rotated  outwards 
and  displaced  back- 
wards on  the  OS  calcis, 
and  luxated  backwards 
from  the  lower  surface 
of  the  tibia.  The  bone 
is  markedly  rotated, 
and  the  head  of  the 
astragalus    is    seen    to 


Fig.  136. — Skii^rain  of  foot  before  operation. 


be  absolutely  dissociated  from  its  normal  relationship  with  the  scaphoid. 

It  was  resolved  to  operate  with  a  view  to  correcting  the  deformity  by  astragalectomy 
or  open  reduction. 

Operation. — This  was  performed  on  June  2,  forty-six  days  after  the  injurj-.  A  5-in. 
curs'ed  antero-extemal  incision  was  made  in  front  of  the  external  malleolus,  opening 
into  the  ankle-joint.  The  front  of  the  ankle-joint  was  exposed,  and  the  anterior  edge  of 
the  lower  articular  surface  of  the  tibia  was  dissected  free  from  adhesions.  A  mass  of 
bone  covered  with  adhesions  was  found  projecting  between  the  external  malleolus  and 
the  cuboid.  On  dissection  this  was  found  to  be  the  head  and  neck  of  the  astragalus. 
The  astragalus  was  thus  shown  to  be  displaced  backwards  and  rotated  externally 
forty-five  degrees.  A  large  Lambotte  lever  was  placed  beneath  the  tibial  aspect  of 
the  ankle-joint,  and  the  astragalus  forced  forwards.  The  interosseous  ligament  was 
found  to  be  ruptured  or  badly  stretched,  as  the  astragalus  moved  perfectly  freely  on 
the  OS  calcis.  The  astragalus  appeared  to  be  well  nourished,  the  cartilage  being  of 
normal  colour,  and  the  neck  of  the  bone  bleeding  when  the  adhesions  were  freed  from  it. 
On  this  account  it  was  resolved  to  attempt  reposition  of  the  bone  instead  of  resorting  to 
astragalectomy. 

A  gauze  mop  was  interposed  between  the  gloved  hand  and  the  head  of  the  astragalus, 
and  the  rotation  was  corrected  by  strong  digital  pressure.  A  smaller  Lambotte  lever  was 
now  placed  behind  the  scaphoid,  the  anterior  part  of  the  foot  was  forcibly  abducted  by 
this  leverage  and  by  the  manual  efforts  of  my  assistants,  the  head  of  the  astragalus  was 
forced  into  place,  and  when  the  foot  was  brought  to  a  right  angle  and  everted  it  was 
found  that  the  bone  remained  in  its  true  anatomical  position.     The  wound  was  closed 
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with  catgut  without  drainage,  and  the  foot  splinted  with  a  Thomas  talipes  shoe.       The 
healing  was  uninterrupted. 

Post-operative  Treatment. — Daily  massage  began  on  June  18,  without  any  passive 
movements  ;  there  was  no  untoward  swelling.  Towards  the  end  of  July  the  patient 
started  to  move  his  ankle  voluntarily,  so  passive  movements  and  faradic  stimulation  were 
ordered.     Voluntary  movements  were  much  improved  in  the  beginning  of  August.     On 

Sept.  1  patient  began  to  walk  with  light  boots,  the  right  one 
being  fitted  with  an  inside  iron  and  outside  crook  heel  and 
external  sole  flapper.  He  walked  with  crutches  for  two  months, 
and  substituted  sticks  in  November.  All  movements  of  the 
foot  and  ankle  were  now  free  and  painless,  and  the  patient  could 
walk  for  three  miles  without  limp  or  disability.  There  was  no 
disturbance  of  circulation  whatsoever.     {Figs.  137,  138.) 


Fig.  137. — Foot  after  operation. 


Flii.   138. — Skiagram  of  foot  after  operation. 


This  case  is  of  interest  on  account  of  the  nutrition  of  the  astragalus.  The  major  part 
of  its  blood-supply  comes  through  the  sinus  tarsi  in  connection  with  the  interosseous 
ligament,  and  one  cannot  help  feeling  that  these  vessels  must  have  been  damaged,  on 
account  of  the  ease  with  which  the  bone  moved  on  the  os  calcis. 

My  thanks  are  due  to  Dr.  Bayumi,  one  of  my  assistants,  who  has  been  in  charge 
of  the  case,  and  who  has  supplied  me  with  the  notes. 


A  CASE  OF  CONGENITAL  ELEVATON  OF  THE  SCAPULA 
(SPRENGEL'S  SHOULDER). 

Bv    Captain    RALPH    M.    dk    MOWBRAY,    R.A.M.C.  (T.) 

In  view  of  the  comparative  rarity  of  the  above  deformity,  the  following  case  may  be 
thought  worthy  of  record, 

Pte.  M.,  age  21,  was  admitted  to  hospital  on  Feb.  28,  1917,  with  a  gunshot  wound  of 
the  right  shoulder.  During  the  course  of  examination  it  was  found  that  the  left  shoulder 
was  markedly  raised  as  compared  with  the  other  side,  and  that  the  movements  of  the 
scapula  on  the  chest- wall  were  limited  in  all  directions.  The  left  arm,  moreover,  could  not 
be  raised  vertically  above  the  head. 

Palpation  at  once  revealed  the  presence  of  a  bony  process  running  from  the  vertebral 
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riG.  139. — Skiagrain  showing  abnormal  bone  articulatinij  with  ilie  scapula  and  vertebral  column. 


PIG.  140. — Semi-diagrammatic  representation  of  the  abnormal  bone  and  its  articulations. 
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border  of  the  scapula,  at  the  level  of  the  spine,  upwards  and  inwards  towards  the  spinous 
process  of  the  seventh  cervical  vertebra.  X-ray  examination,  kindly  undertaken  by 
Captain  Garfield  Evans,  showed  a  well-formed  bone,  not  unlike  a  clavicle  in  general 
appearance,  articulating  at  its  outer  extremity  with  the  vertebral  border  of  the  scapula 
(Fig,  139).  The  exact  method  of  attachment  of  the  inner  end  was,  however,  difficult  to 
determine,  owing  to  the  density  of  the  vertebral  bodies. 

The  patient  readily  consented  to  have  the  bone  removed,  and  this  was  done  on  April  6. 
Superficially  the  bone  was  found  to  be  covered  by  the  trapezius  muscle,  while  attached 
to  its  deep  aspect  was  a  thick  muscular  belly,  apparently  a  detached  portion  of  the  levator 
anguli  scapulae.  As  already  shown  by  the  ^--ray  plate,  a  well-formed  joint,  with  an  inter- 
articular  fibro-cartilage,  was  present  at  the  outer  attachment  of  the  bone,  whilst  on  its 
inner  extremity  were  two  facets,  articulating  with  the  lamina  and  side  of  the  spinous 
process  of  the  seventh  cervical  vertebra  (Fig.  140).  On  removal,  the  bone  was  found  to 
be  4i  in.  in  length,  the  outer  end  being  broad  and  flat,  while  the  inner  tapered  almost 
to  a  point. 

Professor  Shattock,  who  has  kindly  interested  himself  in  the  case,  states  that  the  only 
clue  to  the  morphology  of  this  condition  lies  in  a  cartilaginous  bar  which  occupies  a  some- 
what similar  position  in  a  special  group  of  fishes  (Dipnoi),  the  attachments  in  their  case 
being  to  the  top  of  the  scapula  and  the  occipital  region. 

It  is  satisfactory  to  note  that  considerable  improvement  in  the  movements  of  the  arm 
at  the  shoulder-joint  and  of  the  scapula  on  the  chest-wall  occurred  after  the  removal  of 
the  bone. 


CONGENITAL    ABNORMALITY    OF    THE    WRIST. 

By  Captain  A.  WALDO  CONNELLY,  A.A.M.C,  and  Major  HOLMES  ACGl  RT,  A.A.M.C. 

Patient,  E.  B.,  is  a  private  in  the  Australian  Imperial  Forces,  age  17  years  10  months. 
He  enlisted  in  the  Australian  Imperial  Forces  in  February,  1916.  He  did  ordinary  duty 
for  one  month.  He  was  then  bugler  until  his  arrival  in  France  in  November,  191G.  He 
was  '  in  the  line  "  on  ordinary  duty  for  three  months.  At  this  time — that  is,  in  Februarv", 
1917— he  fell  and  '  sprained  '  his  right  wrist,  and  states  that  a  swelling  appeared  on  the 
dorsum.  He  was  then  transferred  to  Divisional  Headquarters  on  account  of  being  under 
age,  and  served  as  batman,  although  he  had  difficulty  in  lifting  baggage,  etc.  The  right 
wrist  became  more  .swollen  in  January,  1918,  and  he  was  invalided  to  hospital. 

Family  History. — The  parents  are  healthy,  and  there  is  no  history  of  any  abnor- 
mality. The  patient  has  three  sisters,  age  21,  15,  and  12  years  respectively  ;  all  are  said 
to  be  normal.  There  are  also  two  brothers,  age  13  and  6  years  ;  patient  states  that  his 
elder  brother  has  '  weak  wrists,'  exactly  like  his  own,  but  he  believes  the  younger  brother 
to  be  normal. 

Ox  Examination. — The  patient  is  a  fairly  well-made  youth,  5  feet  4  inches  high, 
and  weighing  9  stone.  He  states  that  he  has  always  noticed  a  '*  weakness  of  his  wrists, 
especially  the  right."  Eight  years  ago  his  mother  took  him  and  his  brother  to  a  doctor, 
on  account  of  '"  weakness  of  their  wrists,  and  a  hollow  over  his  brother's  left  wrist."  No 
radiographic  examination  was  made  at  that  time. 

At  the  present  time  (February,  1918)  there  is  a  fluctuating  swelling  on  the  dorsal 
aspect  of  either  wrist,  which  appears  to  communicate  with  the  synovial  lining  of  the 
joint,  and  can  be  made  to  disappear  on  pressure  (Fig.  141).  It  is  apparently  a  diverticulum 
or  hernial  protrusion  of  the  synovial  membrane,  more  marked  on  the  right  wrist  than  on 
the  left.  Movements  at  both  joints  are  unrestricted,  except  that  extension  of  the  right 
wrist  pn)duces  pain,  and  the  grip  of  the  right  hand  is  weak. 

Radiography  {Fig.  142). — Stereoscopic  skiagrams  were  examined,  and  show  : — 

Right  Wrist. — There  are  only  six  carpal  bones  present.  The  trapezoid,  os  magnum, 
unciform,  and  pisiform  appear  to  be  definitely  recognizable.    An  imperfectly  developed  bony 
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element  in  relation  to  the  pisiform  apparently  represents  the  cuneiform.  The  small  half- 
moon-shaped  bone  on  the  radial  side  of  the  carpus  is  situated  in  a  plane  well  in  front  of 
the  trapezoid  ;  the  base  of  the  first  metacarpal  appears  to  articulate  in  front  with  this 
bone,  and  also  directly  with  the  radius.  If,  therefore,  this  be  regarded  as  representing 
the  trapezium,  then  the  scaphoid  and  semilunar  are  entirely  absent. 


lit.,  m.— Ccr.trenital  abnormalilr  cf  the  TiTist. 


Left  Wrist. — All  the  bones  are  represented,  but  show  many  anomalies.     There  is  no 
styloid  process  at  the  radius.     Epiphyseal  lines  have  disappeared  early. 
Ankles. — All  the  tarsal  bones  are  present  in  both  feet. 


^kiajfram  sliowiiig  abuormal  carpal  bones.     The  riiAn-  and  left-hand  fiirures  show   the 
right  and  left  hands  resptectively 
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REVIEWS    AND     NOTICES     OF    BOOKS. 


Handbook  of  Operative  Surgery.  By  W.  I.  de  Courcy  Wheeler,  M.D.,  F.R.C.S.I., 
with  an  Introduction  by  Sir  Alfred  Keogh.  8vo.  Pp.  372,  with  226  illustrations. 
Third    edition.      1918.      London  :    Bailliere,    Tindall    &    Cox.      12s.    6d.    net. 

A  THIRD  edition  of  this  book  brought  out  in  these  days  of  difficult  publishing  witnesses  in  no 
uncertain  way  to  the  value  and  usefulness  of  Mr.  Wheeler's  work,  showing  its  appreciation 
by  the  readers  for  whom  it  is  written.  Everyone  who  has  taught  operative  surgery  will 
welcome  a  work  from  the  pen  of  an  authority  of  such  ripe  surgical  experience  as  that  of 
the  author. 

The  book  is  comfortable  in  size,  portable,  and  printed  on  good  paper.  Sixty-nine  illustra- 
ions  have  been  added  to  it,  not  all  of  which,  however,  are  new  or  even  up-to-date.  Figs.  196, 
220.  224,  and  225,  for  example,  appear  to  illustrate  inaccuracy  in  the  artist  and  an  oversight 
on  the  part  of  the  author  and  publishers.  Then,  pubic  hair  flourishes  in  many  operations 
in  this  era  of  aseptic  surgery  :  that,  at  least,  is  an  anachronism.  No  teacher  would 
instnict  a  student  to  open  the  trachea  in  a  tracheotomy  as  represented  in  Fig.  56.  But  these 
blemishes  in  the  illustrations  in  no  way  detract  from  the  excellence  of  Mr.  de  Courcy 
Wheeler's  advice  and  instructions.  The  book  is  an  excellent  one  for  those  "  rushing  from 
the    medical   schools   into  the  service  of  the   Army  and  the  Navy." 

That  a  third  edition  is  called  for  testifies  to  its  value  and  usefulness,  and  to  the  fact 
that  the  object  for  which  the  book  has  been  written  has  been  attained  ;  but  three  points 
are  open  to  criticism  :  (1)  The  inclusion  of  the  civil  operations  for  harelip,  cleft-palate, 
carcinoma,  and  so  on  ;  (2)  The  exclusion  of  much  military  surgery,  such  as  blood-vessels 
and   infections  ;     and  (3)  The  illustrations. 


Precis  de  Radio-diagnostic  Technique  et  Olinique.  By  Dr.  Jaugeas,  with  Preface  by 
Dr.  Beclerk.  Large  8vo.  Pp.  xxviii  —  563,  with  63  plates  and  220  illustrations.  1918. 
Paris  :    Masson  et  Cie.     24  fr. 

A  PERCSAL  of  this  interesting  volume  reveals  clearly  the  high  value  of  radio-diagnosis  in 
practical  medicine  and  surger\'.  It  also  shows  with  equal  clearness  how  rapidly  and  to 
what  an  extent  this  branch  of  diagnosis  has.  extended  its  field  since  the  early  days  of  radio- 
graphy. Perhaps  even  of  greater  value  is  the  proof  that  the  radio-diagnostician  must  now  be 
recognized  as  one  of  the  more  important  of  the  newer  consultants.  The  day  has  gone  when  any 
one  who  could  take  an  a;-ray  picture  was  good  enough  to  interpret  what  he  had  produced. 
Dr.  Jaugeas,  in  his  title,  has  clearly  placed  the  radiologist  as  both  a  technical  man  and  a 
clinician,  and  in  the  many  pages  of  his  work  he  again  and  again  shows  that  clinical  and 
technical  skill  must  go  hand-in-hand  if  satisfactory  and  useful  results  are  to  be  obtained. 
The  recognition  of  the  radiologist  as  distinguished  from  the  radiographer  will  become  an 
assured  one  when  the  profession  realizes  clearly  that  in  radiology  a  new  and  most  useful 
field  exists  for  the  investment  of  the  best  type  of  brain.  The  publication  of  books  on  the 
subject  as  valualjle  as  the  present  one  will  go  a  long  way  towards  furthering  the  advance- 
ment  of  ratlio-diagnosis  and   the  specialists  who   practise   in   it. 

The  Ixjok   is  full   of  clinical   material   which   must   be  exceedingly   useful   to  the  practising 
surgeon   and    physician   at   the   present   time.      The   technical   side   of  the   work   is   very   com 
pletely   dealt   with  in   phraesology  which  reaches  a  high  standard   of  excellence.      The  Frencli 
language   seems   to   lend   itself  to   clear  terse   descrij)tions   which   are   readily   understood. 

The    physics   of  the   x   ray   and    kindred    phenomenon    are    interestingly   described,   and    a 
great  many   ex|)erimental  data   given.      This  section  of  the   work  should  prove    useful  to  the 
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medical  man  whose  knowledge  of  physics  may  \)e  elementar\-.  In  order  to  follow  the 
phenomena  produced  by  x  rays  in  medicine,  both  in  diagnosis  and  in  therapeutics,  a  certain 
knowledge  of  physics  is  essential.  Dr.  Jaugeas  supplies  this  necessary  information  in  a  ver\- 
concise   manner. 

Instrumentation  is  thoroughly  dealt  with,  and  also  various  kinds  of  installations  ;  it  is 
noticeable  that  the  descriptions  are  almost  entirely  confined  to  French  types  of  apparatus, 
with  the  exception  of  the  Coolidge  tube,  which  is  generously  dealt  with.  Surely  there  is 
something  good  to  be  obtained  from  allied  countries !  One  would  have  liked  to  see  a 
description  of  the  Baese  localizer,  which  has  been  so  well  described  by  Dr.  Bergonie,  and 
so   warmly   recommended   as   a    reliable   instrument. 

The  book  gives  a  comprehensive  resume  of  the  technique  necessan.-  for  the  examination 
of  the  whole  body,  and  it  is  full  of  useful  practical  points  of  value  to  the  radiologist.  The 
technical  details  are  gone  into  most  thoroughly,  each  part  coming  in  for  careful  co-ordina- 
tion. The  various  methods  for  obtaining  the  radiogram — by  instantaneous,  rapid,  and  longer 
exposures — are   fully   considered. 

A  noticeable  feature  is  the  absence  of  any  attempt  to  supply  exposure  tables  for  the 
various  parts.  This  is  excusable  at  present,  when  there  is  such  a  diversity  of  opinion  on  the 
matter  ;  but  one  would  have  been  pleased  to  obser\e  an  indication  of  a  desire  on  the  part 
of  the  author  for  standardization   of  exposures.      Possibly  that   may   come  later. 

An  attempt  is  made  to  standardize  the  positions  for  the  radiography  of  the  various  parts 
of  the  body.  This  is  a  useful  section  of  the  work,  and  will  be  valuable  to  the  beginner, 
who  so  often  fails  to  grasp  the  essentials  of  posture  in  radiography.  In  this  relationship  it 
is  worthy  of  notice  that  in  another  section  of  the  work  the  importance  of  accurate  centering 
of  the  a;-ray  tulje  is  made  clear,  particularly  in  relation  to  the  localization  of  foreign  bodies. 
It  is  equally  imjjortant,  if  accurate  work  is  to  l)e  looked  for,  that  the  ar-ray  bulb  should  be 
correctly  centered  if  standard  (Msitions  are  to  be  obtained  ;  then  distortion  can  be  eliminated, 
and  the   relative   position  of  {larts  on  the  plate  ascertained. 

Normal  radiography  is  fully  described  in  an  interesting  section  on  the  subject  ;  this  is 
undoubtedly  one  of  the   best   parts  of  the   l>ook. 

The  localization  of  foreign  bodies  forms  a  useful  section  ;  in  it  are  described  the  methods 
most  commonly  employed  by  our  allies.  Geometrical  considerations  are  fully  gone  into,  and 
the  extraction  of  the  foreign  body  by  the  aid  of  radioscopy  is  clearly  described.  The  various 
aids  to  the  operation  are  illustrated.  The  compass  of  Hertz  is  described  at  great  length, 
and   other   forms   of  a   similar  type  are   illustrated. 

There  is  an  interesting  chapter  on  fractures,  which  is  very  well  illustrated  by  a  number 
of  good  plates.  This  will  ap[)eal  to  surgeons.  The  fallacies  of  interpretation  are  clearly 
demonstrated  by  drawings  and  radiograms.  The  value  of  radiography  in  the  diagnosis  of 
fractures  and  the  sequelae  of  fractures  is  particularly  well  shown.  The  aid  it  can  render  in 
the  obser\-ation  of  the  repair  of  bone  by  examination  at  inter\als  and  the  study  of  the 
formation  of  the  l>ony  cicatrix,  is  particularly  pointed  out.  Numerous  interesting  points 
are  entered  into  which  all  go  to  show  that  at  the  present  time  radiography  is  indispensable, 
and  that  the  greater  the  clinical  and  technical  skill  of  the  radiologist,  the  greater  will  be  the 
value  of  a  collaboration  between  him  and  the  practical  surgeon  ;  it  almost  points  to  the 
need   for  a   surgeon   radiologist. 

Diseases  of  bone,  including  osteomyelitis  and  tuberculous  and  sj'philitic  lesions,  are  very 
well  described.      Tumours  of  bone   also   receive   adequate   description. 

The  im|K)rtant  subject  of  tuberculous  arthritis  and  osteo-arthritis  is  described  at  length ; 
all  the  principal  lesions  are  dealt  with,  and  a  number  of  them  illustrated.  This  is,  perhaps 
the  best  manner  in  which  to  deal  with  the  subject  ;  it  clearly  indicates  that  before  long  we 
shall  have  monographs  of  the  important  diseases  of  bones  and  joints  and  other  structures, 
instead   of,   as   at   present,   compressing   all   into   one   large   volume. 

Lesions  of  the  skull  and  face  are  also  dealt  with.  .An  interesting  description  is  given  of 
deformities  of  the  sella  turcica  and  lesions  of  the  pituitary  body,  illustrated  chiefly  by  a 
number  of  rough  drawings  ;  the  radiographic  illustrations  are  not  of  a  sufficiently  high 
standard  to  adequately  demonstrate  the  lesions  referred  to.  Sinus  radiography  is  briefly 
dealt  with.      Dental   radiography  is  illustrated  by  a  good   plate  with   four  good  radiograms. 

A  long  chapter  is  devoted  to  lesions  of  the  internal  organs,  and  many  good  radiograms  are 
reproduced.  It  is  impossible  in  a  review  to  deal  adequately  with  the  sections  devoted  to  the 
thorax,  the  abdomen — particularly  the  alimentar\'  canal — and  the  renal  organs.  Suffice  it  to  say 
that  this  section  is  full  of  radiographic  and  clinical  data  of  a  ver\-  high  standard.  A  careful 
perusal  of  these  interesting  pages  will  well  repay  the  radiologist,  the  clinician,  and  the 
surgeon.  The  heart  and  aorta  are  well  described,  and  the  various  lesions  fully  considered. 
The  last  section  of  the  book  is  devoted  to  the  urinary  tract  :  there  is  a  good  description  of 
the  technique  for  the  exploration  of  the  ureter  and  renal  pelvis  by  means  of  collargol  and 
bismuth,  a  method  of  great  value  in  the  elucidation  of  obscure  symptoms. 

The  book,  taken  as    a    whole,    is   a    first-class    production,   and   series   to   show   the   high 
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standard  of  technique  which  has  been  evolved  })y  our  French  confreres.  Dr.  Jaugeas  is  to  be 
congratulated  on  the  production  of  a  work  which  amply  testifies  to  his  great  industry,  tech- 
nical skill,  and  clinical  acumen.  It  is  specially  welcome  at  the  present  time  to  English 
readers  as  an  indication  of  the  value  attached  to  radio-diagnosis  in  France,  and  indicates 
clearly  that  nothing  but  good  can  accrue  from  an  interchange  of  ideas,  technique,  and  clinical 
exj)erience  between  workers  in  this  and  allied  countries.  The  time  is  ripe  for  a  closer 
rapprochement  between   the   radiologists   of  English-speaking   coimtries  and   of   France. 


The  Pitting  out  and  Administration  of  a  Naval  Hospital  Ship.  By  Edward  Sutton, 
F'leet  Surgeon  R.N.  Pp.  118,  with  numerous  illustrations.  1918.  Bristol  :  John 
Wright   &    Sons    Ltd.      8s.    net. 

Only  one  who  has  had  experience  of  the  work  on  liospital  ships  can  realize  the  thousand 
and  one  difficulties  that  fall  to  the  lot  of  the  medical  officer  in  command.  This  small  work 
of  a  little  over  one  hundred  pages  serves  a  most  useful  purpose,  and  no  officer  about  to 
command  a   hospital   ship   can   afford   to  be   without   it. 

The  opening  chapter  on  the  evolution  of  the  hospital  ship  is  most  interesting,  dealing 
with  the  first  crude  attempts  by  the  French  to  employ  sailing  ships  as  hospitals.  The 
inevitable  handicap  of  then-existing  conditions  seriously  interfered  with  the  arrangements  for 
the  comfort  and  proper  treatment  of  the  patients.  Refrigerating  chambers  were  unknown, 
so  that  fresh  food  could  not  be  stored,  and  even  the  water  was  only  such  as  could  be  stored 
in  casks.  The  noise  and  bustle  of  navigating  and  working  the  ship,  and  the  necessarily 
uneven  keel  of  ships  propelled  by  sails,  did  away  with  all  comfort,  and  rendered  treatment 
by  the  medical  officer  most  difficult  and  unsatisfactory. 

.Most,  if  not  all,  of  the  hospital  ships  at  present  employed  have  been  converted  from 
passenger  and  cargo  ships.  The  ideal  would  be  to  have  ships  specially  designed  for  hospital 
purposes.  The  Japanese  have  adopted  the  middle  course  of  designing  certain  mercantile 
craft  with  a  view  to  conversion,  if  required,  into  hospital  ships.  The  desiderata  are  well  set 
forth   in  the  book  under  review. 

Chapter  II  deals  with  the  Geneva  Convention,  and  gives  the  rules  governing  the  employ- 
ment of  the  hospital  ship,  all  of  which  it  is  necessary  that  the  officer  in  command  should 
be   well   versed   in. 

Chapter  III  indicates  certain  points  to  be  taken  into  account  when  improvising  ships 
for  hospital  purposes  :  (a)  In  the  selection  of  a  suitable  vessel  ;  (6)  In  the  location  of 
specific   hospital    departments. 

In  the  description  of  the  S.S.  Drina,  all  details  of  construction,  cabin  and  cargo  space, 
engines,  wards,  lounges,  boat  capacity,  accommodation  of  crew  and  officers  and  patients,  are 
given  exactly,  and  no  detail  is  considered  too  small  to  enter  into.  In  this  way  the  inex- 
perienced officer  who  studies  this  manual  can  obtain  in  a  few  hours  what  it  has  hitherto 
taken  a  novice  months  to  learn,  and  that  only  by  bitter  experience — in  many  cases  at  the 
expense  of  the  comfort  of  officers  and   patients. 

A  chapter  is  given  on  embarkation  and  disembarkation  routine,  on  information  required 
for  the  ambulance  train,  and  on  book  routine  and  registers.  Illustrations  of  man-handling 
patients,  and  diagrams  of  registration  boards,  entry  and  discharge  forms,  and  various  other 
necessarv'  documents,  are  given  towards  the  end  of  the  book. 

The  work  reflects  great  credit  on  the  author,  who  has  produced  a  most  useful  manual  of 
permanent  value. 


Poliomyelitis  in  all  its  Aspects.  By  John  Ruhrah,  m.d.,  and  E.  E.  Mayer,  m.d.  Large  8vo. 
Pp.  305,  with  118  illustrations  and  2  plates.  1917.  Philadelphia  and  New  York: 
Lea  &  Febigcr.     S3-.50. 

Poliomyelitis,  by  Ruhrah  and  Mayer,  of  the  University  of  Maryland  Medical  School,  is 
essentially  a  medical  text-book  which  has  strayed  into  the  precincts  of  a  surgical  journal.  It 
is  a  welcome  guest,  and  if  therefore  immune  from  criticism,  may  nevertheless  not  csciipc 
without  some  trifling  eulogy. 

It  is  a  most  refreshing  and  lucid  account  of  a  fearful  epidemic  disease.  In  a  delightful 
historical  sequence  it  presents  the  patient  work  of  more  than  a  century  which  has  led  to 
the  final  recognition  of  the  infective  nature  of  the  disease,  and  which  leaves  the  workers   hot 
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on  the  scent  of  the  mode  of  spread  and  the  means  of  prevention.  To  the  surgeon,  upon 
whom  the  aftermath  of  terrible  deformities  falls  most  heavily,  such  advances  in  knowledge 
are  indeed  welcome.  What  surgery  can  accomplish  for  such  cases,  and  how  best  it  may  be 
accomplished,  is  meticulously  set  forth  in  a  special  segment  of  the  book.  This — one  of 
the  least  interesting  segments — contains  nothing  new,  and  hardly  refers  to  what  is  the 
common  knowledge  of  surgeons  of  experience — that  the  sum-total  of  such  accomplishment 
is  small.  But  the  public  have  no  illusions  upon  that  point,  and  their  outlook  may  well 
be  summarized  in  the  following  quotation  (pp.  96,  97) :  "•  Paralysis  is  the  most  dominant 
symptom  in  a  large  proportion  of  eases,  and  the  persistence  of  paralysis,  with  the  consequent 
loss  of  power  and  function,  is  what  most  fixes  the  attention  of  the  physician  and  of  the 
layman.  A  disease  may  be  feared  on  account  of  its  causing  death,  but  a  disease  which 
permits  the  patient  to  live  in  an  enfeebled  condition  is  even  more  dreaded,  and  its  occurrence 
in  a  community  makes  a  much  deeper  impression.  The  comparative  callousness  with  which 
the  population  watches  the  annual  destruction  of  infants  by  the  diarrhoeal  diseases  is  too  well 
known  to  be  commented  upon,  while  50  cases  of  |>oliomyelitis  will  throw  a  community  of 
500,000  into  a  panicky  state  of  mind."  It  is  not  within  the  power  of  practical  surgery  ever 
to  allay  such  public  apprehension  ;  but  hope  for  the  public  and  surgeon  alike  is  stored  in  the 
pages  of  this  book,  and  there  is  no  member  of  the  medical  profession  of  whatever  branch  who 
should   not   feel   himself  richly   repaid   by   having   read   it. 


Ra^iofirraphy  and  Radlo-Blectro-Therapetitics.     By  Robert  Knox,  .M.D.      Vol.  II.     Pp.  616, 
with  15  plates  and  100  illustrations  in  the  text.     London  :    A.  &  C.  Black  Ltd.     15/-  net. 

The  popularity  of  this  book  since  it  appeared  in  1915,  as  one  of  the  Edinburgh  Medical  Series, 
has  induced  the  author  to  deal  with  the  subject  of  radio-therapeutics  rather  more  fully,  and  to 
publish  the  second  edition  in  two  volumes.  Vol.  II  is  devoted  entirely  to  radiotherapy,  and  is 
the  book  now  under  review.  It  is  divided  into  three  portions  :  (a)  X-ray  therapeutics  ;  (ft)  Radium 
therapy  ;  and  (c)  Radium  and  x  rays,  the  latter  part  dealing  with  combined  treatment  by  x  rays, 
radium,  and  other  radiations. 

From  the  point  of  view  of  the  student,  one  would  have  liked  to  have  seen  technical  details 
described  rather  more  fully  ;  but  the  subject  is  dealt  with  in  sufficient  detail  to  make  the  book 
an  extremely  valuable  one  both  for  the  surgeon  and  the  student  who  is  taking  up  radiotherapy. 
The  experienced  specialist  will  also  find  in  it  much  matter  of  interest.  A  small  section  by  Mr. 
Percival  Cole  on  the  value  of  radiation  in  the  plastic  surger>-  of  the  face  and  jaws  will  be  found 
of  interest  to  those  engaged  in  this  class  of  work,  and  there  is  no  doubt  that  more  attention  paid 
to  this  subject  would  be  of  benefit  in  many  military  hospitals. 

The  book  is  well  and  clearly  written,  and  the  errors  are  few  and  are  mostly  typographical. 
It''may  be  confidently  recommended  to  all  those  interested  in  this  important  branch  of  medical 
science  as  the  most  complete  and  up-to-date  treatise  published  on  this  subject  at  the  present  time. 
A  word  of  praise  is  due  to  the  author  for  producing  a  work  so  well  thought  out  in  such  times  as 
the  present. 


Studies  in  the  Anatomy  and  Surgery  of  the  Nose  and  Bar.      By  Adasi  E.  Smith,  M.D.   New 
York.    4to.    Pp.  157,  with  45  plates  and  figures.     1918.    New  York  :  Paul  B.  Hoeber.     $4.C0. 

"  This  little  volume  deals  with  the  anatomy  of  the  nose  and  ear  from  a  surgical  standpoint,"  as 
the  author  states  in  the  preface  ;  but  there  are  also  sections  dealing  with  practical  points  in  treat- 
ment ;  thus,  while  the  book  is  essentially  a  series  of  plates  illustrating  the  anatomy  of  the 
nasal  sinuses  and  the  parts  of  the  temporal  bone  concerned  in  mastoid  operations  from  a  surgical 
point  of  view,  the  author  has  touched  on  the  technique  of  the  surgery  of  the  nasal  accessory 
sinuses,  and  on  mastoiditis  and  its  complications. 

The  opening  chapter  is  devoted  to  "  The  importance  of  nasal  breathing."  We  quote  the 
first  six  lines  :  "'  For  several  years  past  much  attention  has  been  given  to  the  importance  of 
the  removal  of  superabundant  adenoid  tissue,  which  is  looked  upon  as  the  causative  factor  for  all 
ills  which  really  are  due  to  defective  nasal  breathing,  without  a  conception  of  the  truer  elation 
of  the  various  factors  involved.  I  will  here  dwell  particularly  on  the  great  importance  and 
marked  influence  of  air  pressure  up«n  the  internal  structures  of  the  nose  during  normal  breathing." 
The  author  proceeds  to  explain  that  the  "  air  passing  through  the  nasal  fossae  from  infancy  onward 
exerts  marked  pressure  on  all  structures  within  the  nose,  pushing  the  lateral  walls  outward  and 
the  floor  downward  sufficiently  to  give  the  space  required  for  the  growing  capacity  of  the  lungs. 
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.  .  .  The  air  normally  conducted  throujjh  the  nose  and  nasopharynx  will  produce  sufficient 
pressure  to  supjwrt  the  vessels  in  the  adenoid  tissue  normally  present  in  the  nasofjliarynx,  and 
hence  keeps  its  {rrowth  within  bounds."  Such  false  physiological  premises  naturally  lead  the 
author  to  attribute  the  clinical  features  of  typical  adenoids  to  mouth  breathing  :  '"  The  absence 
of  air  pressure  within  the  nose  has  permitted  the  fossje  to  remain  narrow.  If  they  are  sufliciently 
roomy  the  mucous  membrane  covering  the  turbinals  is  swollen  from  non-support.  ...  In  those 
in  whom  there  is  an  abimdance  of  adenoid  tissue  lining  the  nasopharyngeal  wall,  the  vessels  of 
this  tissue,  being  unsupijorted,  are  contimuilly  in  a  congested  state."  Not  one  word  is  uttered 
to  suggest  that  infective  catarrh  is  the  cause  of  the  turgescence  of  the  nasal  mucosa  and  of  the 
lymphoid  hypertrophy  which,  by  causing  nasal  blockage,  compels  the  child  to  breathe  through  its 
mouth  :  the  whole  clinical  syndrome  of  adenoids  is  explained  by  the  author's  curious  theory, 
which  we  have  indicated  in  his  own  words,  and  which,  though  we  are  bound  to  admit  its 
originality,  is  completely  at  variance  with  physiology,  physics,  or  clinical  experience  as  usually 
accepted. 

Chapter  II  is  entitled,  "  Some  suggestions  on  the  treatment  of  intranasal  conditions,"  and 
here  we  find  the  author  recommends  what  he  terms  "  nasopharyngeal  gargling,"  especially  for 
prolonged  use  for  the  cleansing  of  the  nose.  It  is  performed  as  follows  :  "  After  cleansing  the 
teeth  and  rinsing  the  mouth,  the  throat  is  gargled  to  free  it  from  food  particles  and  mucus.  .  ,  . 
After  taking  a  long  breath,  a  mouthful  of  the  cleansing  solution  chosen  is  taken,  the  head  is 
thrown  back,  .  .  .  the  palate  is  relaxed,  and  the  air  is  blown  through  the  nose.  The  fiuid  thus 
mounts  higher  and  higher  into  the  nose  until  it  is  discharged  from  the  anterior  nares."  While 
truly  an  original  method,  we  cannot  help  stating  that  this  seems  an  unnecessarily  dangerous  and 
even  dirty  substitute  for  the  more  usual  spraying  of  the  nasal  passages  through  the  anterior  nares. 

When  we  turn  to  the  surgical  methods  for  approaching  and  exposing  the  nasal  sinuses,  we 
cannot  avoid  the  conclusion  that  the  author  is  ignorant  of  the  more  generally  accepted  technique 
amongst  specialists  in  this  regional  surgery  of  the  nose,  and  that  while  for  anatomical  display  the 
routes  suggested  leave  little  to  be  desired,  from  the  clinical  standpoint  they  are  sometimes  repre- 
hensible. For  instance,  in  the  section  on  '•  Exposure  of  the  maxillary  antrum,"  p.  89,  he 
says,  "  if  desirable  to  carry  out  the  flap  method  as  described  on  Plates  XXVI  and  XXVIII,  the 
tissues  are  incised  to  form  a  flap  with  its  base  above  and  including  the  entire  wall  of  the  antrum." 
True,  the  author  leaves  it  to  the  imagination  as  to  what  circumstances  call  for  such  a  procedure, 
but  we  are  allowed  to  infer  that  this  is  put  forward  as  a  regular  and  legitimate  means  of  exposure 
of  the  maxillary  antrum,  without  a  word  to  justify  the  advocacy  of  a  method  which  is  entirely  out 
of  keeping  with  modem  rhinology. 

The  descriptions  of  many  operations  which  are  to  be  found  in  almost  every  ordinary  modern 
text-book  on  diseases  of  the  nose  are  sound,  though  often  too  cursory  for  guidance  ;  it  is  when  the 
usual  routine  methods  are  replaced  by  the  author's  own  that  we  find  it  so  difficult  to  take  him 
seriously. 

Much  care  has  been  taken  in  presenting  with  great  accuracy  and  delicacy  a  series  of  plates 
which  are  instructive  and  of  anatomical  value,  and  on  this  aspect  of  his  painstaking  work  the 
author,  his  collaborating  artist,  and  the  publishers  deserve  our  thanks  and  commendation. 


Surgery  and  Diseases  of  the  Mouth  and  Ja-ws.  By  Vilray  Papin  Bi.air,  A.M.,  M.D.,  F.A.C.S. 
I^arge  8vo.  Pp.  xxxi  —  733,  with  460  illustrations.  Third  edition.  1918.  Londcn  : 
Henry    Kimpton.     30s.  net. 

The  author,  in  his  preface  to  this  edition,  indicates  that  the  added  matter  deals  largely  with 
the  surgery  and  treatment  of  war  injuries  ;  the  bulk  of  the  book  has  been  increased  by  100 
pages.  Such  an  endeavour  is  heartily  to  be  welcomed,  though  its  foim  may  not  be  entirely 
convenient.  This  is  a  necessary  disadvantage  of  incorporating  special  matter  in  a  l:cok  de\oted 
to  general  lesions.  On  the  other  hand,  it  may  be  argued  that  the  treatment  of  these  special 
injuries  is  so  intimately  connected  with  the  general  principles  of  surgical  procedure  that  divorce 
is  impossible,  or  at  any  rate  undesirable.  Skilful  correlation  of  a  special  section  devoted  to  the 
problems  involved  would  have  been  arduous  ;  it  certainly  would  have  been  more  satisfactory. 
The  author  has  been  careful  to  indicate  and  emphasize  principles  of  treatment  based  on  the 
clinical  experience  of  sound  observers.  The  policy  is  admirable,  and  the  more  noticeable  because 
the  literature  of  the  subject  tends  to  obscure  what  is  fundamental  by  diffuse  elaboration 
of  unessential  details.  The  interdependence  of  surgeon  and  dentist  is  stressed  verbally,  and 
confirmed  by  the  scope  and  treatment  of  the  subjects  dealt  with. 

The  lea.st  helpful  chapters  are  those  that  deal  with  plastic  surgery  and  the  surgical  restoration 
of  bony  defects.  Israel's  operation  is  rightly  condemned.  The  restoration  of  the  lower  lip  by 
vertical  flaps  raised  from  the  neck  as  fhown  in  Figs   234,  235  is  unsound,  and  differs  essentially 
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from  the  method  of  Dowd,  with  which  it  is  compared.  Morestin  himself  admits  that  cartilage 
grafts  do  not  determine  firm  continuity  when  used  to  fill  a  bony  defect.  The  space  devoted 
to  this  operation  might  well  be  used  to  descril>e  other  and  more  effective  methods.  The  same 
remarks  apply  to  the  method  of  transplanting  a  bony  implant.  Imbert  &  Real  have  adopted 
this  plan  in  a  series  of  cases,  but  the  results  obtained  have  not  been  satisfactory-. 

Chief  among  the  controversial  matters  considered  are  the  primary  suture  of  wounds  ;  the 
use  of  open-bite  splints  ;  and  immediate  as  opposed  to  gradual  reduction  of  bony  defoimities. 
These  questions  are  approached  in  a  manner  that  is  at  once  accurate  and  broad-minded. 
Guidance  on  these  and  other  matters  can  only  be  obtained,  however,  by  assembling  scattered 
references,  a  disadvantage  previously  mentioned. 

In  the  section  on  general  anaesthesia,  it  is  pleasing  to  note  that  the  value  of  intratracheal 
insufflation  is  justly  recognized. 

There  are  certain  indications  of  hurried  revision.  Marten  should  be  spelt  Martin,  as  in  the 
second  edition.  Wrong  figures  are  occasionally  indicated.  The  defects,  however,  are  relatively 
trivial.  Viewed  as  a  whole,  the  issue  of  the  third  edition  is  amply  justified  by  the  value  of  the 
added  matter. 


Blood-Pressure:  its  Clinical  Applications.  By  George  W.  Xorris,  A.B.,  M.D.,  Assistant 
Professor  of  Medicine  in  the  University  of  Pennsylvania.  Third  edition.  Pp.  448,  with  110 
engravings  and  1  coloured  plate.  1917.  Philadelphia  and  New  York :  Lea  Sc  Febiger. 
$3.50. 

Xearlv  one  half  of  this  volume  consists  of  an  account  of  the  physiolog\'  of  the  blood-pressure 
and  of  the  instruments  used  in  estimating  and  recording  it.  These  sections  are  of  great  value 
both  for  their  clearness  and  for  purposes  of  reference.  The  greater  part  of  the  remainder  is 
concerned  with  the  blood-pressure  in  various  medical  diseases,  only  thirty-one  pages  being  devoted 
to  surgical  matters.  The  events  which  follow  ha^nwrrhage  are  analyzed  in  some  detail  ;  the  work 
of  Crile  is  described  in  a  fair  and  critical  manner,  and  other  views  relating  to  shock,  such  as  those 
of  Yandell  Henderson,  are  summarized.  The  treatment  and  prevention  of  shock  are  dealt  with 
by  taking  one  by  one  the  various  factors  in  an  operation — e.g.,  manipulation,  anaesthesia,  etc. — 
and  discussing  the  relation  of  these  to  the  question  of  blood- pressure.  Surgical  considerations 
are  confined  chiefly  to  those  relating  to  the  abdomen  or  thorax,  and  there  is  no  direct  reference 
to  limb  surgery,  and  especially  to  operations  upon  bones  or  joints,  in  the  production  of  shock. 


A  Text-book  of  First-Aid  and  Bmergrency  Treatment.  Bv  A.  C.  Burnham,  M.D.,  Medical 
Corps  U.S.R.  Pp.  307.  with  160  figures  and  2  plates.  19i7.  Philadelphia  :  Lea  &  Febiger. 
$2.00. 

This  book,  as  its  title  implies,  is  intended  for  the  instruction  of  the  unqualified  student,  and  it 
includes  a  clearly  written  account  of  so  much  anatomy  and  physiology-  as  is  necessary  for  the 
intelligent  comprehension  of  the  first  principles  of  diagnosis  and  treatment.  Wounds,  wound 
infection,  bandaging,  fractures  and  dislocations,  burns  and  bites,  shock  and  heat  stroke,  suffoca- 
tion and  drowning,  various  common  regional  injuries,  poisons,  some  common  diseases  (varjing 
from  toothache  to  appendicitis),  transportation,  and  the  general  principles  of  nursing,  are  succes- 
sively and  concisely  dealt  with,  aided  by  well-chosen  ilustrations.  It  is  an  up-to-date  and  most 
useful  book. 


SHORT    NOTES    ON     BOOKS. 

The  University  of  London  Press  has  published  a  most  valuable  series  of  Military  Medical  Manuals 
under  the  editorship  of  Sir  Alfred  Keogh.  L'nfortunatcly  these  are  only  translations  from  the 
French  '  Collection  Horizon,'  and  we  deplore  the  fact  that  it  was  not  possible  for  the  Metropolitan 
University  to  produce  original  English  works  on  the  subjects  in  question.  These  books  have  for 
the  most  part  been  reviewed  in  the  original,  and  therefore  it  is  not  necessary  to  notice  them  in  great 
detail.     The  following  are  among  the  most  important  from  a  surgical  point  of  view  : — 

The  Treatment  of  Fractures.     Vol.  I   (Fractures  invoKing  the  joints),  pp.  207,  figures  97; 
Vol.  II  (Fractures  involving  the  long  bones),  pp.  305,  figures  156.      By  Prof.  Leriche,  edited   by 
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F.  F.  BiRGHARU.  These  are  volumes  of  great  value,  especially  to  English  surgeons,  because  they 
represent  the  Lyons  school  of  teaching  which  has  been  so  little  known  or  understood  in  tliis 
country.  Early  radical  operation,  free  removal  of  loose  bone,  [)reservation  of  the  periosteum, 
are  the  principles  maintained  throughout.  It  must  be  for  the  thoughtful  reader  to  choose 
between  the  dangers  and  advantages  of  this  teaching,  and  that  of  the  extreme  Liverpool  doctrine 
of  the  preservation  of  all  fragments. 

The  Treatment  and  Repair  of  Nerve  Lesions,  pp.  181,  figures  62.  Clinical  Forms  of  Nerve 
Lesions,  pp.  23.5,  figures  78.  By  Madame  Athanassio-Benisty,  preface  by  Prof.  Pierre-Marie, 
edited  by  Farqihar  Buzzard.  These  two  books  will  probably  remain  authoritative  when  many 
of  the  other  members  of  this  war  series  are  forgotten.  Not  only  is  there  a  careful  description 
of  all  types  of  clinical  injury,  but  there  are  many  original  observations  relating  both  to  the 
vascular  and  vasomotor  phenomena  complicating  the  results  of  the  injuries  of  the  peripheral 
nerves,  and  to  the  examination  of  nerve  trunks  in  regard  to  the  position  of  the  various  bundles 
of  fibres  of  special  distribution.  Unfortunately  it  is  not  possible  yet  to  give  very  extensive 
figures  relating  to  the  results  of  surgical  intervention  ;  but  these  volumes  are  a  useful  guide  to 
diagnosis,  treatment,  and  prognosis. 

Artificial  Limbs,  pp.  156,  figures  210.  By  Prof.  A.  Broca  and  Dr.  Ducroquet,  edited  by 
R.  C.  Elmslie.  a  useful  description  of  general  principles  and  the  way  in  which  these  have  been 
carried  out  in  France.  We  could  wish  that  the  editor  had,  in  addition  to  his  introduction, 
added  a  section  to  each  chapter  indicating  the  types  of  English  and  American  limbs  which  had 
been  found  most  useful  in  his  experience. 
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SIR    BENJAMIN    COLUNS    BRODIE,    BART. 

1783-1862. 

Few  gentlemen  were  attracted  to  surgery  in  the  days  which  preceded  the  introduction 
of  anjEsthesia.  The  training  was  rough,  the  physical  toil  was  great,  and  the  mental  strain 
was  apt  to  be  overwhelming  when  a  prolonged  operation  was  performed  upon  a  conscious 
patient.  It  is  no  wonder,  therefore,  that  members  of  the  better  educated  families  with 
a  bias  towards  medicine  chose  to  become  physicians  rather  than  surgeons. 

Benjamin  Brodie  was  an  exception  to  the  rule.  He  was  the  fourth  child  of  an  Oxford 
graduate  holding  the  living  of  Winterslow,  in  Wiltshire  ;  his  mother  was  the  daughter 
of  a  banker  at  Salisbury.  From  his  father  he  inherited  the  clear  common-sense  which 
characterized  him  through  life  ;  from  his  mother  the  business  instinct  which  made  him 
careful  in  all  his  money  matters  without  being  penurious,  for  as  a  member  of  a  large  family 
he  learnt  early  that  he  must  make  his  way  in  the  world  by  his  own  exertions.  He  was, 
however,  fortunate  in  his  relations,  both  in  law  and  in  medicine.  Dr.  Denman,  the 
accoucheur,  had  married  his  aunt  ;  Sir  Richard  Croft,  equally  successful  in  the  same 
branch  of  practice,  had  married  a  cousin  ;  Dr.  Baillie,  nephew  of  William  and  John 
Hunter,  had  married  another  cousin  ;  Dr.  Denman's  son,  Brodie's  cousin,  afterwards 
became  Lord  Chief  Justice,  and  was  well  known  as  one  of  the  advocates  at  the  trial 
of  Queen  Caroline  ;  whilst  Peter  Brodie,  his  eldest  brother,  held  a  high  position  as  a 
conveyancer. 

Brodie  was  educated  privately  by  his  father,  and  obtained  a  thorough  grounding  in 
Greek,  Latin,  and  mathematics,  until  he  was  sent  to  London  in  1801  to  study  medicine. 
In  the  autumn  of  that  year  he  attended  the  anatomical  lectures  given  by  Abemethy  at 
St.  Bartholomew's  Hospital  and  by  James  Wilson  at  the  Great  Windmill  Street  School 
of  Medicine — for  as  yet  there  was  no  organized  medical  teaching  at  the  London  hospitals, 
and  it  was  allowable  for  any  student  to  attend  a  course  on  payment  of  a  fee  to  the  lecturer. 
At  the  Great  Windmill  Street  School  he  soon  found  opportunities  to  act  as  demon- 
strator, and  to  give  occasional  lectures  in  the  absence  of  the  recognized  teachers.  In  this 
way  he  made  his  mark,  and  he  maintained  his  relationship  with  the  School  until  long  after 
he  was  well  established  as  a  successful  surgeon. 

In  the  meantime  he  did  not  neglect  his  social  advantages.  He  was  admitted  a  member 
of  '  The  Academical  Society,'  a  small  body  meeting  for  the  discussion  of  literary  subjects 
at  a  house  in  Bell  Yard.  Dr.  Maton  was  President,  Lord  Glenelg  and  his  brother,  Bowdler, 
Dr.  Bateman,  Sir  Henry  Ellis,  and  Lord  Chief  Justice  Cockbum  being  amongst  the  mem- 
bers. In  1803  Brodie  became  a  pupil  of  Everard  Home — brother-in-law  of  John  Hunter 
and  surgeon  to  St.  George's  Hospital.  He  studied  surgery  at  this  hospital,  and  from  May 
until  November,  1805,  he  held  the  office  of  house  surgeon.  At  the  end  of  this  short  term 
of  office  Everard  Home  in\nted  him  to  act  as  his  assistant  at  operations,  and  he  thus 
gained  an  insight  into  private  surgical  practice.  For  the  next  two  years  and  a  half  he 
lived  in  lodgings  in  Saekville  Street,  Piccadilly,  without  thinking  it  worth  while  to  put 
up  a  doorplate.  During  this  time  he  revolutionized  the  clinical  teaching  at  St.  George's 
Hospital,  for,  living  within  easy  reach  of  the  Hospital,  being  young,  and  having  little 
private  practice,  he  was  able  to  devote  both  time  and  energy  to  his  hospital  duties.  He 
was,  besides,  fond  of  teaching,  and  made  it  an  especial  point  that  the  students  should 
make  careful  notes  of  their  cases,  even  as  he  did  himself.  He  also  assisted  Home  in  the 
researches  with  which  he  was  occupied  at  the  Hunterian  collection  upon  various  subjects 
of  comparative  anatomy,  and  he  thus  became  acquainted  with  Clift,  the  conservator  of 
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the  museum  in  which  the  collection  was  housed  at  the  Royal  College  of  Surgeons  in 
Lincoln's  Inn  Fields.  He  was  also  introduced  to  Sir  Joseph  Banks — the  President  of 
the  Royal  Society — who  speedily  conceived  an  affection  for  the  well-educated  and 
modest  young  surgeon,  of  whose  attainments  he  must  have  received  an  excellent  account 
from  many  sources.  Banks  invited  him  to  his  Sunday  evening  meetings,  and  occasion- 
ally to  dine,  and  at  these  gatherings  Brodie  met  all  that  was  best  in  the  social  and 
scientific  society  of  the  day.  Brodie  became  assistant  surgeon  at  St.  George's  Hospital 
in  March,  1808,  at  the  early  age  of  twenty-five,  on  the  nomination  of  Keate  and 
Home,  two  of  the  surgeons,  Gunning,  the  third  surgeon,  being  absent  on  service  in  the 
Peninsular  War,  and  for  the  next  four  years  Brodie  acted  as  full  surgeon,  in  conjunction 
with  Robert  Keate,  the  other  assistant  surgeon,  although  it  was  not  until  1822  that  he 
succeeded  officially  to  the  post  of  full  surgeon.  On  becoming  assistant  surgeon,  Brodie 
began  to  deliver  lectures  upon  patients,  of  the  kind  now  called  clinical  lectures,  in 
contradistinction  to  the  systematic  lectures  given  by  other  surgeons  and  teachers  of 
surgery  in  London. 

In  1809  he  took  a  house  in  Sackville  Street,  furnished  it  with  money  borrowed  from 
his  mother,  and  began  to  practise  privately.  He  was  elected  a  Fellow  of  the  Royal  Society 
in  1810,  gave  the  Croonian  Lecture  On  the  Effects  Produced  by  certain  Vegetable  Poisons y 
and  was  awarded  the  Copley  Medal  in  1811,  being  then  only  twenty-eight  years  of  age. 
In  the  spring  of  1812  Mr.  Wilson  wished  to  retire  from  the  management  of  the  Great 
Windmill  Street  School  of  Medicine,  and  proposed  that  Brodie  should  acquire  the  house, 
the  museum,  and  the  goodwill  upon  payment  of  £7000.  Brodie  had  neither  the  money 
nor  the  inclination  to  devote  himself  entirely  to  teaching,  and  the  school  was  afterwards 
purchased  by  Sir  Charles  Bell.  In  1816  he  married  the  third  daughter  of  Mr.  Serjeant 
Sellon,  she  being  nineteen  and  he  thirty-three,  his  income  at  the  time  amounting  to  £1530 
from  all  sources.  Three  children  of  this  marriage  survived  their  parents.  In  1819  he 
judged  that  his  position  had  improved  sufficiently  to  justify  him  in  taking  a  larger 
house,  and  he  moved  accordingly  to  Savile  Row.  His  work  on  Diseases  of  the  Joints 
drew  him  into  notice  as  a  surgeon,  and  from  this  time  onwards  his  advancement  was 
rapid  and  uninterrupted,  until  he  rivalled  the  position  which  had  been  attained  by 
Sir  Astley  Cooper. 

In  1819  he  succeeded  William  Lawrence  as  Professor  of  Comparative  Anatomy  and 
Physiology  at  the  Royal  College  of  Surgeons,  holding  the  post  until  1823.  In  1821  he 
was  first  summoned  to  Court  to  attend  King  George  IV,  at  the  time  when  Sir  Astley  Cooper 
removed  a  sebaceous  cyst  from  the  scalp.  His  attentions  were  so  far  appreciated  that  in 
1828,  when  Sir  Astley  Cooper  was  appointed  Serjeant  Surgeon,  Brodie  was  gazetted  as 
Surgeon  to  His  Majesty's  person,  and  in  1830  he  was  in  constant  attendance  at  Windsor 
during  the  King's  last  illness.  In  1832  he  was  appointed  Serjeant  Surgeon  by  King 
William  IV,  in  succession  to  Sir  Everard  Home.  Two  years  later,  following  a  custom 
dating  from  the  union  of  the  Barbers'  Company  with  the  fraternity  of  Surgeons  in  1540, 
Brodie  as  Serjeant  Surgeon  was  admitted,  on  the  occasion  of  the  first  vacancy,  a  Member 
of  the  Council  of  the  Royal  College  of  Surgeons  of  England  and  a  member  of  the  Court  of 
Examiners,  In  1834  he  was  raised  to  the  rank  of  a  baronet,  and  two  years  later  he  bought 
Broome  Park  in  one  of  the  prettiest  parts  of  Surrey.  He  was  elected  President  of  the 
Royal  College  of  Surgeons  of  England  in  1844,  and  was  chosen  the  first  President  of  the 
General  Medical  Council  in  1858.  In  the  same  year  he  achieved  the  crowning  wish  of  his 
heart,  for  he  became  President  of  the  Royal  Society.  For  some  time  before  his  death  he 
suffered  from  double  cataract,  for  the  relief  of  which  he  was  operated  upon  by  Sir  William 
Bowman.     He  died  at  Broome  Park  on  October  21,  1862,  full  of  years  and  honour. 

Brodie  was  noteworthy  in  several  different  aspects.  As  an  educated  gentleman,  he 
filled  with  great  distinction  the  exacting  position  of  President  of  the  Royal  Society,  and 
published  a  series  of  dialogues  to  which  he  gave  the  name  of  Psychological  Inquiries, 
dealing  with  the  mutual  relations  of  physical  organization  and  the  mental  faculties. 

As  a  scientific  man,  it  is  interesting  to  note  that  although  he  taught  anatomy,  his 
main  interests,  when  surgery  was  based    on   anatomy,  were  upon  the  physiological  side. 
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As  a  surgeon,  his  Pathological  and  Surgical  Observations  on  the  Diseases  of  the  Joints 
was  the  first  serious  attempt  to  separate  the  various  conditions  which  had  been  pre%iously 
classed  together  as  'white  swelling.'  The  grouping  was  purely  clinical,  for  as  yet  the 
microscope  had  not  come  into  use  in  surgerj'.  In  reading  the  cases  which  he  records,  it  is 
noteworthy  that  a  large  number  were  cases  of  hysterical  joints  occurring  in  young  women 
of  the  upper  classes  as  a  direct  outcome  of  the  faulty  system  of  education  and  hygiene 
then  in  vogue  ;  whilst  it  is  to  the  credit  of  Brodie  that  he  recognized  the  value  of  movement 
— or,  rather,  the  harmful  effects  of  prolonged  rest — on  slightly-inflamed  joints.  In  disease 
of  the  breast  he  drew  attention  to  the  serocystic  sarcoma,  which  is  still  called  Brodie's 
tumour.  Next  to  diseases  of  the  joints,  he  appears  to  have  been  most  interested  in  stricture 
and  other  surgical  diseases  of  the  urinarj-  organs,  and  by  precept  and  example  he  recom- 
mended lithotrity  in  preference  to  lithotomy.  Brodie's  surgical  work  was  throughout 
more  diagnostic  than  operative.  He  performed  such  operations  as  were  necessary,  but 
it  is  evident  that  the  manipulative  side  of  surgery  did  not  attract  him. 

As  a  medical  reformer,  Brodie  took  a  leading  part  in  that  re-modelling  of  the  surgical 
side  of  the  profession  in  England  which  resulted  from  the  establishment  of  the  new  order 
of  Fellows  of  the  Royal  College  of  Surgeons  by  the  Charter  of  1843.  This  charter,  for  good 
or  for  evil,  took  away  all  initiative  power  from  the  Members  and  gave  it  to  the  Fellows,  by 
whom  alone  the  governing  body  was  elected.  Previous  to  this  charter  the  governing  body, 
or  Court  of  Assistants  as  it  was  called,  had  co-opted  its  members,  who  held  office  for  life,  a 
practice  which  had  been  continued  from  the  times  of  the  United  Company  of  Barber 
Surgeons,  for  at  no  time  had  the  general  body  of  members  exercised  any  selective  right. 
The  charter  abolished  several  obvious  abuses,  such  as  the  retention  of  office  for  life  by 
the  examiners  and  members  of  Council,  and  the  limitation  of  the  offices  of  President  and 
Vice-President  to  the  members  of  the  Court  of  Examiners. 

The  medal  illustrating  this  article  was  presented  to  Sir  Benjamin  Brodie  in  1840 
when  he  retired  from  office  as  surgeon  to  St.  George's  Hospital.  The  presentation  was 
made  on  behalf  of  his  pupils  and  medical  friends  as  a  testimony  of  their  gratitude  for  the 
manner  in  which  he  had  performed  all  the  duties  connected  -with  that  institution.  Lady 
Brodie  always  considered  the  likeness  to  be  particularly  happy.  There  is  a  bronze  replica 
in  the  Board  Room  at  St.  George's  Hospital.  The  present  reproduction  is  made  from  a 
plate  in  the  possession  of  the  Royal  Society  of  Medicine. 
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BONE    GROWTH    AND    BONE    REPAIR.* 

By  Professor  ARTHUR   KEITH,  F.R.S. 

LECTURE  III. 

RESEARCHES     INTO     BONE     GROWTH     AND     BONE     REPRODUCTION     BY 
OLLIER     OF     LYONS     AND     MACEWEN     OF     GLASGOW. 

In  almost  the  selfsame  year  that  Goodsir  of  Edinburgh  was  quietly  establishing  to  his  own 
satisfaction  that  bone  corpuscles  were  the  agents  which  built  bones  up  and  took  them  down, 
Marie  Jean-Pierre  Flourens,  the  permanent  secretary  of  the  Academy  of  Science  of  Paris, 
was  proving  not  only  to  his  own  satisfaction,  but  to  that  of  all  the  world,  that  Duhamel 
was  right  :  periosteum  was  the  maternal  tissue  of  bone.  When  he  published  his 
"Recherches  sur  le  Developpement  des  Os  et  des  Dents,"  in  1842,  he  was  a  man  of  forty- 
eight,  with  behind  him  the  most  brilliant  record  of  experimental  success  of  any  man  in 
Europe.  He  had  that  gift  which  is  often  given  to  Frenchmen — a  clear  incisive  engaging 
style  which  carries  conviction  with  every  sentence.  He  had  repeated  and  extended 
Duhamel's  observations.  Duhamel  was  right  :  new  bone  was  deposited  on  the  surface 
of  the  bone  under  and  by  the  periosteum.  Hunter  was  right  :  absorption  of  bone  was 
continually  taking  place  ;  the  substance  of  every  living  bone  was  in  a  constant  state  of 
flux.  He  had  destroyed,  as  Troja  had  done,  the  medulla  and  medullary  lining  of  a  long 
bone,  and  seen  the  whole  shaft  die  and  the  periosteum  start  into  active  life  and  lay  down 
a  new  shaft.  He  emphasized  the  fact  that  growth  in  length  took  place  at  the  epiphyseal 
lines.     People  knew  of  the  discoveries  of  Flourens  ;   those  of  Goodsir  were  overlooked. 

In  1857  Flourens  was  ageing  rapidly,  when  a  young  medical  graduate  of  Monpellier, 
of  the  name  of  Louis  Oilier,  came  to  Paris,  attracted  above  all  by  the  great  name  of  Claude 
Bernard,  the  genius  of  experimental  research.  Oilier  was  a  son  of  south  France  ;  although 
a  graduate  of  Monpellier,  his  real  University  was  Lyons  ;  there  he  had  studied  under 
Bonnet,  the  leading  authority  of  that  time  on  diseases  of  the  joints.  In  his  student  days 
the  functions  of  the  periosteum  had  been  debated  ;  Oilier  held  the  opinion  that  it  had  no 
osteogenetic  function — in  spite  of  the  researches  of  Duhamel  and  Flourens.  During  the 
.short  period  which  he  spent  in  Paris  he  determined  to  settle  the  matter  for  himself  by 
applying  the  experimental  method  of  Claude  Bernard.  He  went  to  work  in  the  laboratory 
of  Chauveau.  He  selected  a  young  rabbit  as  the  subject  of  his  first  experiment.  He 
lifted  from  the  subcutaneous  surface  of  the  tibia  a  tongue-shaped  flap  of  periosteum, 
leaving  it  attached  by  its  base.  He  turned  the  flap  or  strip  over  the  deep  flexor  muscles 
of  the  leg  so  that  it  formed  a  kind  of  annular  ligament  over  them.  In  six  weeks  he  found 
that  the  membrane  had  become  a  loop  of  bone,  thick  and  strong  at  its  base,  but  tapering 
towards  the  tip  until  it  became  fibrous.  He  repeated  the  experiment  in  a  slightly  difl'erent 
form  and  got  the  same  result  ;  a  semi-detached  piece  of  periosteum  could  form  bone. 
He  then  proceeded  to  vary  the  conditions  of  his  experiment  further.  He  twisted  the 
base  of  the  periosteal  flap  so  that  the  vessels  entering  at  its  base  would  be  compressed. 
The  twisted  slip  of  periosteum  produced  a  beaded  string  of  bony  nodules.  In  a  further 
experiment  he  raised  a  process  of  periosteum,  turning  it,  as  before,  over  the  adjoining 
muscles.  Three  days  later  he  detached  its  base  from  the  shaft  of  the  tibia.  The  detached 
slip  produced  bone.     He  then  raised,  and  at  the  same  time  completely  detached,  a  piece 
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of  periosteum,  and  transplanted  it  into  the  subcutaneous  tissue  of  the  thigh.  He  used,  for 
the  tirst  time,  periosteum  as  a  graft ;  that  graft  produced  bone.  OUier  entered  Chauveau's 
laboratory-  in  Paris  a  sceptic ;  when  he  completed  his  first  series  of  experiments  he  was 
convinced  of  the  osteogenetic  properties  of  p)eriosteum. 

We  must  look  closely  at  Oilier,  because  he  is  almost  the  earliest  example  we  shall  meet 
of  a  new  tj-pe  of  surgeon — one  who  realized  that  experimental  physiology-  is,  and  must  be, 
the  basis  of  all  rational  ojierations  in  surgcrj-.  Lister  and  he  were  almost  contemporaries  ; 
Oilier  was  bom  in  1830,  three  years  after  Lister,  Lister  gave  the  first  ten  years  of  his 
career  to  experimental  physiology  ;  so  did  Oilier.  The  series  of  experiments  we  have 
just  narrated — done  when  Oilier  was  in  his  twenty-eighth  year — would  have  satisfied 
most  young  men.  Oilier  had  the  qualities  of  the  true  investigator  :  he  realized  that  his 
experiments  had  touched  only  the  fringe  of  the  physiology'  of  bone.  Hence,  when  he 
returned  to  Lyons  in  1859,  where  he  was  soon  to  be  called  to  fill  the  chair  of  clinical  surgery 
and  serve  as  surgeon  to  the  Hotel-Dieu,  he  continued  his  investigations  year  after  year 
until  in  1868  he  published  the  results  of  his  experimental  and  cUnical  observations  in  two 
volumes  under  the  title  of  "  Traite  Experimental  et  Clinique  de  la  Regeneration  des  Os 
et  de  la  Production  Artificielle  du  Tissu  Osseux."  From  the  time  he  obtained  his  first 
results  Oilier  had  one  major  object  in  view — namely,  to  prove  that,  after  resection  of  a 
joint,  restoration  of  the  articular  ends  of  the  bones  was  only  possible  if  the  operation  had 
been  conducted  so  as  to  save  the  pjeriosteum. 

When  he  commenced  a  second  series  of  experiments  in  1858,  he  devoted  his  attention 
more  closely  to  the  appearance  and  structure  of  the  periosteum.  Critics  had  alleged, 
when  he  raised  the  p>eriosteum — which  he  did  by  pressing  a  rugine  firmly  against  the  surface 
of  the  shaft  of  the  bone — that  he  also  detached  fragments  of  bony  matter,  and  it  was  these 
and  not  the  periosteum  which  gave  rise  to  new  bone.  He  therefore  examined  with  a  lens 
his  detached  strips  of  periosteum,  and  satisfied  himself  that  they  were  free  from  visible 
fragments  of  bone.  He  was  a  proficient  microscopist,  and  studied  the  minute  structure  of 
the  periosteum.  He  defined  that  membrane  as  including  all  the  soft  tissue  which  covers 
the  surface  of  a  li\nng  bone.  When  a  section  of  periosteum  was  studied,  as  seen  on  the 
surface  of  a  growing  bone,  he  could  obser\-e  a  gradual  transition  of  structure  from  its 
superficial  to  its  deep  surface.  As  its  deej)est  stratum  approached  the  bone,  he  observed 
that  it  became  more  cellular  in  structure,  and  where  it  actually  mingled  with  the  bone, 
that  these  cells  were  clearly  of  the  bone-forming  type — they  were  osteoblasts.  Osteoblasts, 
he  found,  were  present  in  the  deepest  stratum  of  the  periosteum  ;  its  deepest  layer  formed 
an  osteogenetic  tissue.  It  was  true,  he  said,  that  these  osteoblastic  cells  were  sparsely 
scattered  in  the  deejiest  stratum  of  the  periosteum  of  an  adult  animal,  but  he  also  demon- 
strated that  they  could  be  quickly  increased  in  number  by  irritating  a  bone  by  injury. 

So  he  again  resorted  to  his  'flap'  experiments.  He  scraped  the  deep  surface  of  such 
tongue-shaped  strips  of  periosteum  with  his  knife,  and  the  soft  juicy  matter  thus  collected 
was  transplanted  to  a  living  subcutaneous  bed  ;  from  the  matter  thus  transplanted  fine 
granules  of  bone  were  formed.  He  had  thus  proved,  at  least  he  thought  he  had,  that  the 
deepest  stratum  of  the  periosteum  had  an  osteogenetic  function.  Raising  the  tongue-shaped 
flaps  from  the  periosteum  of  the  tibia,  he  destroyed  the  deep  or  osteogenetic  layer  of  one 
part  of  it  by  scraping  or  by  apphing  a  cauterizing  fluid,  while  in  the  remaining  area  of 
the  flap  the  deep  layer  was  left  uninjured.  On  turning  such  a  flap  over  a  muscular  bed, 
he  observed  that  only  the  intact  or  uninjured  area  produced  bone.  That  was,  in  OUier's 
estimation,  another  proof  that  the  deep  stratum  of  the  periosteum  produced  bone. 

Then  followed  a  series  of  experiments  in  which  he  completely  detached  flaps  of 
periosteum  and  transplanted  them  as  grafts — heterotopic  grafts,  he  called  such  sUps — to 
other  parts  of  the  body,  where  they  held  and  produced  bone.  He  found  that  the  success  of 
such  grafts  depended  on  many  circumstances.  There  was,  in  the  first  place,  the  occurrence 
of  suppuration.  Suppuration,  he  found,  could  kill  part  of  a  graft  and  leave  another  part 
unaffected  ;  much  of  011ier"s  work  is  invalidated  because  he  did  not  know  the  cause  and 
effects  of  suppuration.  Grafts  from  young  animals  took  more  readily  than  those  from  adult 
animals.     Those  from  the  shafts  of  long  bones  held  better  than  those  from  flat  bones. 
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Periosteal  grafts  of  the  rabbits  had  a  greater  power  of  reproduction  than  those  of  cats. 
The  power  varied  with  the  bone  ;  a  periosteal  graft  from  the  nasal  bone  of  the  cat  would 
hold,  while  that  from  the  corresponding  bone  of  the  rabbit  would  fail.  He  showed  that  the 
dura  mater  had  a  greater  osteogenetic  power,  when  transplanted,  than  the  pericranium. 
All  of  these  results  represent  real  additions  to  our  knowledge  of  bone  life. 

Having  thus  completed  his  researches  on  the  periosteum,  and  satisfied  himself  that 
it  possessed  an  osteogenetic  power  to  a  high  degree.  Oilier  turned  his  attention  to  the 
marrow.  He  tied  the  nutrient  artery  to  see  if  the  main  arterial  supply  was  necessary 
for  the  life  and  sustenance  of  the  marrow ;  he  found  that  ligature  made  no  apparent 
difference.  He  failed  to  raise  grafts  of  bone  from  transplanted  marrow.  But  he  observed 
that  he  could  increase  its  osteogenetic  power  by  irritating  the  bone  by  injury.  To  test 
its  osteogenetic  power  in  another  way,  he  introduced  a  new  kind  of  experiment.  He 
amputated  the  foot  and  lower  part  of  the  leg  of  a  rabbit,  and  into  the  medullary  cavity 
of  the  tibia  thus  exposed  he  introduced  an  open  metallic  tube.  At  the  end  of  a  month 
he  found  that  the  tube  was  filled  with  ossifying  granulation  tissue  ;  that  tissue,  he  con- 
cluded, was  produced  by  the  marrow,  and  therefore  marrow  did  possess  an  osteogenetic 
power  in  a  low  degree. 

Having  thus  tested  the  powers  of  periosteum  and  marrow  to  form  bone,  he  now  passed 
to  bone  itself.  He  found  that  a  piece  of  bone,  detached  from  periosteum  and  medulla, 
could  not  serve  as  a  graft  ;  it  died,  and  ultimately  became  absorbed.  It  acted  amongst 
living  tissues  as  a  foreign  body.  One  would  be  inclined  to  suppose  that  Ollier's  experiments 
on  the  transplantation  of  bone  fragments  had  been  vitiated  by  sepsis,  did  he  not  go  on  to 
describe  experiments  where  such  grafts  held  when  they  were  transplanted  with  periosteum 
and  marrow  still  attached  to  them.  In  his  opinion,  pieces  of  living  bone  with  their  peri- 
osteum and  marrow  still  intact  provided  the  most  perfect  form  of  bone  graft  ;  he  supposed 
that  the  periosteum  served  as  an  intermediary  between  the  bone  fragment  and  the  muscle 
in  which  it  had  been  implanted.  Yet  Oilier  knew  that  the  shaft  of  the  tibia  of  a  young 
animal  could  be  completely  denuded  of  periosteum  and  its  marrow  entirely  removed,  and 
yet  live  and  grow.  The  results  thus  obtained  confirmed  his  belief  that  periosteum  was 
the  chief  bone-producing  tissue. 

Oilier  made  experimental  fractures  ;  the  conclusions  he  drew  from  them  were  : 
(1)  The  periosteum  is  the  chief  agent  in  forming  the  callus  ;  (2)  The  marrow  takes  a  slight 
part  ;   (3)  The  bone  itself  takes  the  least  share. 

He  opened  up  another  new  subject  when  he  began  to  study  the  effects  of  experiment 
on  epiphyseal  lines  of  growth.  He  observed  that  irritation  of  the  shaft  of  a  bone,  by 
injur\-,  could  increase  the  rate  of  growth  at  these  lines.  Such  a  result  tells  one  as  plainly 
as  can  be  that  there  is  a  mechanism  in  every  bone  for  correlating  the  activity  of  its  army 
of  living  cells — bone-laying  and  blood-carrying  cells.  He  discovered  that  the  epiphyseal 
disc  of  cartilage  could  keep  up  a  continuous  supply  of  material  for  increasing  the  length  of 
a  bone  only  when  it  formed  an  intrinsic  part  of  that  bone.  When  the  disc  was  cut  out  and 
transplanted,  its  growth  failed  ;  it  became  a  disc  of  bone.  It  was  known  before  Ollier's 
time  that  in  every  long  bone  there  is  an  epiphyseal  disc  of  'maximum  growth' — a  disc  at 
which  the  major  part  of  the  length  of  a  shaft  is  produced.  The  maximal  discs  for  the 
femur  and  tibia  lie  respectively  above  and  below  the  knee-joint,  whereas  those  for  the 
humerus  and  radius  are  placed  at  the  shoulder  and  at  the  wrist.  Oilier  was  the  first  to 
study  experimentally  the  exact  shares  taken  by  the  proximal  and  distal  epiphyses  in 
producing  the  growth  of  a  bone  in  length. 

It  is  unnecessary  here  to  enter  into  three  other  series  of  experiments  carried  out  by 
Oilier.  He  repeated  Duhamel's  experiments  of  boring  holes  in  the  shafts  of  growing  bones 
to  make  certain  that  growth  in  length  took  place  only  at  the  epiphyseal  lines.  In  another 
series  he  repeated,  and  extended  in  great  variety,  the  kind  of  experiment  carried  out  by 
Syme — the  excision  of  the  shafts  of  long  bones,  or  parts  of  a  shaft,  to  discover  the  share 
taken  by  the  periosteum  in  the  reproduction  of  new  bone.  His  conclusion  was  that  the 
periosteum  was  the  all-important  factor  ;  the  surgeon  must  preserve  it  when  he  performed 
a  resection  if  he  would  hope  for  a  reproduction  of  the  bony  parts  which  were  being  excised. 
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Then  there  was  a  third,  and  in  OUiers  opinion  the  most  important,  series — those  in  which 
he  studied  the  reproduction  of  joints.  His  main  conclusion  one  could  guess — resections 
of  joints  must  be  performed  so  that  the  periosteum  covering  the  excised  parts  was  preserv^ed. 
He  found  cartilage  to  be  the  most  inert,  the  least  endowed  with  the  powers  of  \itality  and 
reproduction,  of  all  the  tissues  of  the  body.  On  only  one  occasion  did  he  find  a  transplanted 
piece  of  epiphyseal  cartilage  produce  bone  ;  he  never  did  see  articular  cartilage  reproduced 
within  a  new  articulation. 

So  far  we  have  been  following  Oilier  as  an  experimental  physiologist  ;  we  have  time 
merely  to  glance  at  one  of  his  clinical  cases — the  shoulder-scarred  little  maid  so  beautifully 
portrayed  in  Plate  VJII  of  Vol.  II  of  his  treatise.  Her  name  was  Louise  Gaillard  ; 
she  came  under  Ollier's  care  in  September,  1864,  a  meagre  tuberculous  child  of  five,  ^vith 
suppuration  of  the  shoulder  and  arm.  Oilier  removed  the  upper  half  of  the  diseased  but 
living  humerus — head,  neck,  and  shaft — by  his  subperiosteal  method.  The  bone  was 
reproduced.  In  the  following  year,  1865,  Louise  was  able  to  work  in  a  cigarette  factor>% 
and  a  year  later,  when  she  was  seven,  the  restored  humerus  was  only  46  mm.  shorter  than 
its  normal  companion.  This  is  one  of  the  classical  cases  of  resection  of  the  humerus.  We 
have  noted  several  others — Charles  WTiite's  case  of  1768,  and  Syme's  case  of  1826,  and 
there  is  another,  a  resection  of  the  humerus  by  Hunter.  There  is  also  a  fifth  and  yet 
more  famous  case  which  we  shall  examine  in  a  subsequent  part  of  this  lecture. 

We  shall  see  presently  that  Oilier  made  a  grave  blunder  in  the  course  of  his  experi- 
ments. But  when  we  have  made  that  admission,  we  have  to  recognize  him  as  the  man 
who  established  the  evidence  on  which  the  principles  of  bone  surgery  must  be  founded. 
It  was  he  who  gave  orthopaedic  surgeons  materials  for  framing  a  rational  charter.  The 
total  result  of  his  ten  years'  investigations  was  to  make  him  a  confirmed  Duhamelite — 
a  worshipper  of  periosteum.  We  take  our  leave  of  Oilier  of  Lyons  with  the  completion 
of  his  great  Treatise  in  1868  ;  he  was  destined  to  see  the  commencement  of  the  twentieth 
century  and  his  labours  fully  recognized  by  a  new  generation  of  surgeons. 

We  are  now  to  return  to  Glasgow.  The  occasion  of  our  former  visit  to  that  city  was 
in  1877,  when  William  Macewen,  then  aged  29,  introduced  a  new  operation  for  the  cure  of 
knock-knee.  At  the  same  time  he  was  rectifying  the  bent  tibia  of  rickety  children  by 
the  excision  of  wedge-shaped  pieces.  In  the  following  year,  1878,  a  boy,  three  years  of 
age,  was  brought  to  him  at  the  Glasgow  Infirmarj%  emaciated  and  exhausted  from  suppura- 
tion following  acute  osteomyelitis  of  the  right  humerus.  Almost  the  entire  shaft  of  the 
bone  was  dead  ;  after  resection  had  been  performed,  there  remained  in  the  boy's  arm  only 
the  extremities  of  the  humerus,  the  lower  being  represented  merely  by  the  epiphysis,  while 
the  upper  was  made  up  of  the  epiphysis  and  a  small  part  of  the  shaft.  In  1880  the  boy 
was  brought  back  by  his  parents  to  have  his  arm  amputated  ;  it  was  useless,  although  the 
muscles  were  healthy  and  could  act.  No  part  of  the  humeral  shaft  had  been  reproduced. 
Making  a  longitudinal  incision  deep  into  the  outer  aspect  of  the  arm,  Macewen  planted 
along  the  muscular  furrow  thus  opened  out  a  row  of  tibial  grafts.  They  were  pieces 
obtained  by  fracturing  wedges  which  had  been  cut  from  the  bent  tibiae  of  various  boys. 
Most  of  these  grafts  were  devoid  of  periosteum,  yet  they  held  and  lived.  As  thus  recon- 
structed the  boy's  humerus  was  six  inches  in  length,  being  made  up  of  three  elements  : 
4J  in.  (10-7  cm.)  of  the  shaft,  composed  of  tibial  grafts  ;  the  upper  part,  1|  in.  (4*3  cm.), 
derived  from  the  original  upper  extremity  ;  and  there  was  also  the  persistent  lower 
epiphysis.  In  1910,  when  the  boy  had  become  a  capable  workman  of  35,  he  had  a  useful, 
well-modelled,  if  curved,  humerus,  which  measured  11  in.,  being  3  in.  shorter  than  the 
normal  bone  of  the  left  arm.  If  OUier's  researches  had  revealed  the  full  truth,  then  those 
broken  tibial  fragments  ought  to  have  died  and  been  absorbed  ;  and  yet  there  can  be  no 
doubt  they  had  lived,  and  given  rise  to  a  shaft  which  had  become  connected  with  the 
persistent  upper  and  lower  extremities,  and  thus  become  parts  of  a  functional  humerus. 
When  he  sowed  the  grafts,  Macewen  could  not  have  missed  noting  any  ossifications  which 
had  survived  from  the  old  periosteum.  No  such  ossifications  were  present.  By  this 
operation  Macewen  demonstrated,  for  the  first  time,  that  fragments  of  bone  may  be  used 
as  grafts,  and  that   such  grafts  wiU  live,  grow,  and  reproduce  bone.     Further,  that  the 
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bone  reproduced  by  such  grafts  can,  under  tensions  and  stresses  brought  to  bear  on 
them  by  the  muscles  of  the  i)art,  be  moulded  to  form  a  real  humerus — real  in  an 
anatomical  as  well  as  in  a  physiological  sense.  Macewen's  case  forms  the  fifth  and 
greatest  of  a  classical  group  of  famous  clinical  humeri. 

At  the  time  when  Macewen  was  employing  bone  grafts  with  great  success  in  Glasgow, 
Ollier's  opinions  were  in  the  ascendant  in  the  rest  of  the  world.  At  first  the  significance 
of  Macewen's  discovery  and  practice  was  not  generally  appreciated,  nor  was  it  later. 
Hence,  fully  thirty  years  after  he  had  begun  to  use  fragments  of  bone  as  grafts, 
Macewen,  in  order  to  force  the  truth  of  his  discovery  on  the  attention  of  surgeons, 
carried  out  a  series  of  operations  on  animals.*  He  repeated  Syme's  experiments  ;  he  cut 
otit,  subperiosteally,  IJ  in.  from  a  young  dog's  radius.  At  the  end  of  four  weeks  there 
was  still  a  gap  in  the  bone  ;  the  periosteum  had  failed  to  form  the  missing  part  of  the 
shaft.  He  then,  in  another  animal,  cut  out  the  whole  radius,  leaving  the  periosteum  in 
place  :  the  periosteum  again  failed  to  reproduce  bone.  He  carried  out  modifications  of 
Ollier's  experiments,  raising  flaps  of  periosteum  from  a  young  dog's  radius,  folding  it 
round  adjacent  muscles  of  the  foreleg.  Both  of  his  Ollierian  flaps  of  periosteum  failed 
to  produce  bone.  He  transplanted  grafts  of  periosteum  as  Oilier  had  done,  yet  failed  to 
succeed  in  raising  bone  from  them.  At  first  sight  it  almost  looks  as  if  the  dogs  of 
Edinburgh  and  Lyons  were  provided  with  a  different  kind  of  periosteum  to  that  pro- 
duced by  dogs  in  Glasgow — in  such  sharp  contrast  stand  the  results  of  the  experimenters 
of  these  cities.  Yet  all  three  surgeons  are  equally  credible  witnesses.  There  is  only  one 
explanation  of  their  discrepant  results  :  Syme  and  Oilier  must  have  removed  the  soft 
tissues  which  cover  bone  to  a  greater  depth  than  did  Macewen.  The  evidence  that 
periosteum,  as  usually  raised  by  surgeons  from  the  surface  of  the  bones  of  a  growing 
animal,  does  produce  bone  is  so  positive,  so  unassailable,  that  it  cannot  be  rejected 
because  a  certain  series  of  experiments  gave  negative  results. 

In  order  to  study  the  effect  of  periosteum  on  the  growth  and  life  of  a  bone,  Macewen 
removed  this  membrane  from  the  radius  of  a  yoimg  dog.  He  found,  as  Oilier  had  done, 
that  the  bone  lived  and  that  its  growth  was  slightly  retarded.  The  shaft  lost  its  smooth 
contour.  On  such  denuded  bone  he  applied  modifications  of  Duhamel's  ring  experiment  ; 
the  rings  became  embedded  in  the  shaft  of  the  bone  although  the  periosteum  had  been 
cut  away 

He  carried  out  a  series  of  experiments  of  a  new  kind  to  substantiate  his  clinical 
observations — namely,  that  bone  itself  could  be  grafted.  He  took  two  dogs,  cut  an  inch 
out  of  a  radius  of  each,  removed  the  periosteum  from  the  pieces  excised,  and  broke  each  of 
these  into  fragments.  He  re-implanted  the  pieces  so  that  the  two  dogs  exchanged  their 
radial  fragments.  The  grafts  held,  and  complete  restoration  of  the  radial  shafts  resulted. 
He  took  two  other  dogs,  and  exchanged  the  right  radius  of  the  one  for  the  corresponding 
bone  of  the  other.  In  each  case  the  radius  was  stripped  of  its  periosteum  ;  yet  the 
transposed  bones  lived,  and  became  thicker  than  their  untransplanted  counterparts.  He 
found  that  bone  shavings,  but  not  bone  dust,  served  well  as  grafts  ;  the  greater  the 
superficies  of  a  fragment,  the  better  he  found  it  to  serve  as  a  graft.  The  greater  the 
surface  of  the  graft,  the  greater  the  area  for  nourishment  and  reproduction. 

One  cannot  but  admire  Macewen's  resource  in  devising  experiments.  We  have  seen 
that  Oilier  inserted  metallic  tubes  within  the  medullary  cavity  to  test  the  power  of  marrow 
to  reproduce  bone.  Macewen  used  glass  tubes,  not  to  test  the  growth  of  marrow,  but  to 
exclude  the  periosteum  from  taking  any  part  in  filling  up  the  gap  resulting  from  the  exci- 
sion of  a  segment  from  the  shaft  of  a  bone.  Having  cut  out  a  segment,  he  inserted  in  its 
place  an  open  glass  tube,  so  that  the  open  ends  of  the  tube  faced  the  cut  ends  of  the  shaft. 
The  tube  became  filled  from  the  shaft  with  growing  tissue  which  ossified.  The  new  bone 
thus  formed  came  from  the  shaft  ;  it  could  not  have  come  from  the  periosteum.  He 
conceived  it  possible  that  an  absorbable  ferrule  placed  round  the  adjacent  ends  of  a  broken 
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bone  might  accelerate  union  by  serving  to  confine  the  repairing  exudate.  Such  a  tube 
took  the  place  of  the  periosteum,  which  Macewen  regarded  as  a  'limiting'  membrane. 

We  do  not  suppose  that  the  briefly-narrated  researches  of  John  Goodsir  were  known 
to  Sir  ^^'illiam  Macewen  when  he  carried  out  these  experiments ;  yet  his  definition  of  the 
function  of  the  periosteum,  as  a  membrane  to  limit  the  excursions  of  the  osteoblast  to 
prevent  bone-building  cells  from  invading  surrounding  tissues,  is  an  exact  replica  of  John 
Goodsir's  conception.  The  dissecting-room  and  laboratory  observations  which  Goodsir 
made  in  the  fifth  decade  of  the  nineteenth  century  led  him  to  formulate  exactly  the 
same  conception  of  bone  growth  as  Macewen  arrived  at  seventy  years  later  from  a  life 
of  active  clinical  and  exp>erimental  observation.  Macewen,  however,  has  much  better 
evidence  of  the  limiting  function  of  the  periosteum  to  lay  before  us  than  had  Goodsir. 
He  cites  evidence  from  a  case  where  osteoblasts  had  been  carried  >\ithin  an  aneurys- 
mal sac  and  set  up  ossification  in  the  fibrinous  walls  ;  he  describes  cases  where  the 
exudate  from  fractured  surfaces  has  been  disseminated  by  massage  into  the  surrounding 
ruptured  muscles,  where  it  formed  a  mass  of  ossific  tissue  ;  he  cites  instances  of  fractures 
where  the  periosteum  has  been  much  torn,  thus  permitting  osteoblasts  to  escape  into  the 
surrounding  tissues  and  form  bone.  He  alludes  to  cases  where  the  periosteum  has  fallen 
between  the  broken  ends  of  bones  and  prevented  union.  He  thus  gives  a  logical 
explanation  of  Hunters  observation  that  the  periosteum  or  tissues  which  surround  a 
broken  or  diseased  bone  may  take  on  an  'ossific  disposition.' 

There  is  another  series  of  Macewen's  experiments  to  which  we  must  allude  before  we 
leave  his  work.  We  have  seen  that  Oilier  studied  the  epiphyseal  discs  of  growth.  Macewen 
rightly  protests  that  such  discs  have  nothing  to  do  with  epiphyses  ;  the  epiphysis  has  its 
own  peculiar  independent  nature.  The  growth  disc  is  part  of  the  shaft — of  the  diaphysis — 
and  therefore  ought  to  be  called  the  diaphyseal  disc,  or  shaft-disc.  It  is  solely  concerned, 
as  he  has  demonstrated,  with  the  growth  of  the  shaft.  He  removed  the  shaft  of  the  radius 
from  a  young  dog,  leaving  merely  the  epiphyses  and  diaphyseal  discs.  In  six  weeks  the 
shaft  was  reproduced,  not  from  the  periosteum,  but  from  the  diaphyseal  discs.  The  point 
of  meeting  between  the  parts  of  the  shaft  produced  from  the  proximal  and  distal  discs 
could  still  be  seen  in  the  restored  radius.  To  make  certain  his  interpretation  was  right, 
he  removed  2|  in.  from  the  shaft  of  a  growing  dog's  radius,  and  covered  each  cut  end  with 
a  metal  cap.  In  seven  weeks  the  caps  had  met.  He  removed  the  distal  third  of  the  shaft 
of  a  radius,  including  the  epiphysis  ;  he  found,  as  Oilier  had  done,  that  the  part  excised 
was  reproduced  with  an  epiphysis,  but  there  was  a  degree  of  shortening.  Oilier  believed 
reproduction  in  such  cases  of  excision  was  done  from  the  periosteum  ;  Macewen  shows  it 
is  done  by  growth  of  the  shaft  in  length.  The  idea  that  compensatory  growth  at  the 
diaphyseal  discs  may  be  utilized  by  surgeons  to  make  good  an  extensive  gap  in  the  shaft 
of  a  bone  is  a  discovery  we  owe  to  Macewen. 

Macewen's  work  brings  us  down  to  the  position  of  our  knowledge  regarding  the  growth 
and  reproduction  of  bone  at  the  present  day.  We  have  seen  Duhamelites  and  Hallerites 
come  into  existence  in  the  eighteenth  century  ;  we  have  seen  them  in  the  persons  of  Syme 
and  Goodsir  in  the  nineteenth  century  ;  and  here  we  are  in  the  twentieth  century  still  with 
the  same  two  sects — those  who  regard  periosteum  as  the  chief  osteogenetic  element  of  the 
human  skeleton,  and  those  who  regard  bone  itself  as  that  element.  \Miere  is  the  truth  ? 
As  in  most  cases  of  this  kind,  there  is  truth  on  both  sides,  but  the  greater  share  is  on 
Macewen's.  My  interpretation  of  his  work  is  this.  Orthopaedic  surgeons  lay  it  down  as 
a  basal  principle  that  a  deformity,  to  be  remedied,  has  first  to  be  over-corrected.  That 
is  what  I  think  Macewen  has  done.  His  has  been  a  great  practical  service  ;  he  has  given 
bone  its  rightful  place  among  the  living  tissues  of  the  body — a  tissue  which  has  the  power 
to  reproduce  itself.  But  in  raising  bone  to  its  proper  biological  and  surgical  status,  he 
has  been  less  than  just  to  periosteum.  Periosteum  can  reproduce  bone,  for  no  one  has 
yet  made  a  microscopical  examination  of  the  periosteum  of  growing  or  of  inflamed  bone 
and  failed  to  find  in  it  those  very  elements  which  Macewen  admits  to  be  the  creators  of 
bone — osteoblasts.  From  an  anatomical,  and  I  think  also  from  a  surgical,  point  of  view, 
the  osteogenetic  power  of  the  deepest  stratum  of  the  periosteum  cannot  be  denied. 
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WEIGHT  EXTENSION  IN  THE  TREATMENT  OF  WAR  FRACTURES. 

By    Lieutenant    W.    H.    OGILVIE,    R.A.M.C.  (T.C.) 

During  two  and  a  half  years'  work  at  the  Urgency  Cases  Hospital,  I  was  enabled,  through 
the  kindness  of  my  chief,  Mr.  Cairns  Forsyth,  to  see  a  great  deal  of  the  methods  and 
apparatus  used  in  the  treatment  of  war  fractures  in  the  French  army,  both  at  the  hospitals 
round  us  in  the  'zones  des  armees,'  and  at  the  Paris  base  hospitals.  I  had  also  the 
opportunity,  while  on  leave,  of  seeing  something  of  British  methods.  During  the  same 
period  the  care  of  several  thousand  patients,  of  whom  the  majority  were  cases  of  war 
fractures  or  injuries  of  joints,  enabled  me  to  compare  the  value  of  the  different  methods 
by  the  only  real  test,  that  of  personal  experience,  and  to  evolve  a  line  of  treatment  which 
gave  the  most  satisfactory  results.  Such  a  system  was  in  no  part  original,  but  com- 
pounded from  the  ideas  of  a  great  many  people^and  chiefly  from  those  of  Dr.  Blake, 
of  New  York  City,  whose  wards  I  was  privileged  to  visit  at  Neuilly  in  1915  and  at  Ris 
Orangis  in  1916  ;  yet  it  was  the  logical  outcome  of  a  few  simple  principles,  chiefly  those 
of  susj>ension  and  weight  extension,  to  which  all  experience  seems  to  point,  and  yet  which 
are  by  no  means  universally  admitted. 

On  transferring  to  the  R.A.M.C.  in  October,  1917,  I  found  that  the  conclusions  to 
which  I  had  been  led  differed  in  so  many  points  from  British  practice  as  I  saw  it,  that  I 
considered  it  worth  while  to  set  down  in  writing  for  my  friends  on  the  surgical  division 
an  account  of  the  methods  we  had  been  using  and  of  the  principles  underlying  them.  While 
any  such  detailed  account  of  methods  and  apparatus  is  of  small  practical  value  unless 
backed  by  results,  a  consideration  from  an  outside  point  of  view  of  the  general  principles 
involved  in  the  treatment  of  fractures  is  perhaps  of  enough  interest  to  those  working 
at  this  subject  to  warrant  its  publication. 

The  fractures  seen  in  war  differ  from  those  occurring  in  civil  life  in  respect  of  their 
causal  agent,  the  nature  of  the  injury  inflicted,  and  the  methods  of  treatment  applicable 
for  their  repair. 

Causal  Agent. — War  fractures  are  caused  by  a  small  heavy  projectile  travelling  at 
an  enormous  velocity,  which  as  a  rule  penetrates  the  whole  limb,  and  fractures  the  bone 
by  actually  passing  through  its  substance.  Civil  fractures  are  usually  caused  by  some 
considerable  force  acting  with  much  less  suddenness  upon  the  limb  as  a  whole,  and  breaking 
the  bone  by  force  transmitted  through  the  soft  tissues.  The  practical  results  of  this 
difference  in  the  manner  of  infliction  of  the  fracture  are  as  follows  : — 

Nature  of  Injury. — 1.  Civil  fractures  are  often  transverse  or  oblique.  Where  there 
is  comminution,  this  is  not  usually  excessive  ;  the  bony  fragments  are  moderate  in  number 
and  of  appreciable  size.  Moreover,  the  fragments  retain  part  at  any  rate  of  their  attach- 
ments and  blood  supply,  and  are  not  far  displaced  from  their  normal  position.  It  would  be 
theoretically  possible,  by  dovetailing  the  pieces  together,  to  restore  the  original  form  of 
the  bone.  War  fractures,  on  the  other  hand,  are  usually  comminuted.  The  comminution  is 
perhaps  more  local  than  that  caused  by  indirect  violence,  but  is  far  more  complete.  The 
fragments  are  of  all  sizes,  down  to  mere  bone  dust.  Many  of  them  have  lost  their  viability 
owing  to  direct  injury,  or  have  been  torn  away  from  their  blood  supply  ;  they  have  often 
been  transported  far  from  their  normal  position,  or  even  blown  right  out  of  the  limb.  The 
important  thing  is  that  in  the  former  class  it  is  often  possible  by  traction  and  manipulation 
to  'set'  the  fracture,  so  that  there  is  some  tendency  for  the  fragments  to  remain  in  position 
if  suitably  supported.  In  war  fractures  there  is  no  question  of  restoring  the  original  shape 
of  the  bone,  and  the  broken  ends,  even  if  brought  into  correct  position,  have  no  such 
tendency  to  interlock. 
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2.  A  similar  condition  is  found  in  the  case  of  the  natural  splints  of  an  injured  bone — 
the  muscles  taking  origin  from  it,  inserted  into  it,  or  lying  along  it.  In  a  war  wound,  those 
lying  in  the  path  of  the  missile  have  been  completely  destroyed,  and  when  the  fracture 
has  been  put  into  position,  their  support  is  no  longer  available  to  keep  it  there. 

3.  Civil  fractures  are  often  siniple.  When  compound,  infection  is  not  certain,  and 
hiay  be  of  a  verj-  mild  order.  But  every  war  wound  must  be  treated  as  p>otentially  the 
seat  of  a  \nrulent  infection,  for  the  high-speed  projectile  leaves  a  track  lined  with  killed 
tissues  on  which  any  bacteria  present  can  flourish.  Again,  in  a  war  fracture,  the  wound 
necessarily  communicates  with  the  fracture,  and  infected  material  has  passed  through  the 
bone  itself.  In  civil  practice  an  infected  wound  may  coincide  with  an  uninfected  fracture. 
Therefore,  while  in  an  accidental  fracture  the  claims  of  dressing  may  often  give  way 
to  those  of  splinting,  in  a  war  fracture  the  wound  is  a  question  of  life,  and  the  treatment 
of  the  fracture  a  question  of  secondary  urgency.  Thus,  no  apparatus  is  permissible  which 
does  not  allow  free  inspection  of  the  wound  and  ready  access  for  dressing. 

Treatment.— It  follows  that  a  method  suitable  for  the  treatment  of  a  war  fracture 
must  satisfy  the  following  requirements.  Fixation  must  be  continuous  until  union 
has  commenced.  It  must  at  the  same  time  leave  the  wound  (and  therefore  necessarily 
the  seat  of  fracture)  accessible  for  frequent  and  extensive  dressings,  and  also  allow  ready 
inspection  of  the  limb  on  either  side  of  the  injury.  It  must  be  possible  for  this  dressing 
and  inspection  to  be  carried  out  without  interfering  at  all  with  the  fixation  of  the  fracture. 

All  forms  of  splint  moulded  to  the  limb,  or  retaining  position  by  pressing  on  the  bone 
at  or  near  the  seat  of  fracture,  are  therefore  out  of  court.  Only  two  methods  satisfy  the 
requirements  :  (1)  Direct  fixation  of  the  fractured  bone  itself  by  plates,  wires,  or  pegs; 
(2)  Continuous  traction  on  the  fractured  segment  from  points  outside  the  injured  area. 
The  severity  of  the  infection  found  in  the  wounds,  and  the  invariable  implication  of  the 
bone  itself  in  this  infection,  forbid  the  first  method.  Some  form  of  traction,  then,  is  the 
only  one  which  will  at  the  same  time  allow  continuous  fixation  and  ready  accessibility. 

The  traction  may  be  effected  in  two  ways  :  (1)  By  counter-extension  against  some 
part  of  the  skin  surface,  this  surface  being  usually  at  the  insertion  of  the  limb  into  the 
trunk  ;  and  (2)  By  extension  u-it't  ueights  running  over  pulleys,  using  the  mass  of  the 
body  as  the  force  against  which  the  extension  is  made. 

1.    COUNTER-EXTENSION. 

This  principle  is  the  one  by  far  the  most  commonly  employed  at  present,  and  is 
exemplified  in  the  Thomas  knee  and  arm  splints,  and  in  the  Robert  Jones  humerus  splint. 
It  has,  however,  the  following  serious  disadvantages  : — 

1.  The  natural  place  from  which  to  take  counter-pressure  is  at  the  junction  of  the 
limb  with  the  trunk.  This  situation  has  many  drawbacks,  none  the  less  real  because  they 
can  to  a  large  extent  be  overcome  by  care  and  ingenuity  :  (a)  There  is  a  danger  of 
pressure  on  the  main  vessels  and  ner\-es  (this  is  greater  in  the  case  of  the  axilla  than  of 
the  groin)  ;  (6)  AMiere  there  is  no  such  serious  pressure  as  this,  there  is  none  the  less 
a  liability  to  congestion  in  the  limb  distal  to  the  ring,  and  during  the  acute  stage  of 
infection  passive  congestion  is  an  unmixed  e\il  ;  (c)  Perspiration  in  the  axilla,  and 
excreta  in  the  case  of  the  perineum,  make  it  difficult  to  keep  the  skin  in  good  condition. 

2.  It  is  ver\'  hard  to  make  any  skin  surface  take  continuously  the  pressure  that  is 
required  to  make  certain  of  correct  length,  because  of  the  liability  of  the  skin  area  to 
slough.  For  example,  in  the  case  of  a  fractured  femur,  a  pull  of  20  lb.  is  often  required 
initially  ;  at  the  lowest  rate  one  of  15  lb.  must  be  exerted  for  the  first  three  weeks.  The 
skin  of  the  buttock  and  perineimi  cannot  stand  anj-thing  like  this  amount  of  pressure 
continuously. 

3.  The  ring  is  always  a  hindrance  to  proper  inspection.  In  the  case  of  a  high  fracture 
it  also  interferes  with  adequate  attention  to  the  wound. 

4.  The  amount  of   extension    applied  is    guessed,  not  known.      This  is  unscientific. 

5.  Traction  is  never  steady  ;    even  if  its  average   strength  is  correct,  it  will  at  one 
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time  be  excessive,  at  another  insiinicient  ;  both  extremes  are  harmful.  In  the  case  of 
the  Thomas  knee-splint  applied  to  the  lower  limb,  a  very  slight  amount  of  flexion  or  of 
abduction  will  lengthen  the  distance  between  the  two  fixed  points  by  half  an  inch,  and 
largely  nullify  the  extension. 

The  exact  control  of  the  extending  force  is  of  more  importance  than  might  appear 
at  first  sight.  It  is  obvious  that  an  insuflicient  pull  will  never  overcome  shortening  ;  but 
an  excessive  pull,  though  a  much  lesser  evil,  is  still  to  be  avoided,  because  (a)  any  traction 
in  excess  of  requirements  is  an  unnecessary  strain  upon  ligaments,  and  (b)  an  extension 
glued  to  the  skin  will  give  way  in  the  third  or  fourth  week,  sometimes  lacerating  the  skin 
considerably  and  making  further  treatment  difficult.  Such  an  extension  will  only  take 
a  certain  amount  of  pull  at  any  time,  and  as  the  limb  to  which  it  is  attached  shrinks  and 
the  epidermal  cells  are  shed,  its  adhesion  becomes  less.  However,  as  the  muscles  weaken 
and  consolidation  conmiences,  a  less  pull  is  required.  If  the  extending  force  is  limited 
to  that  actually  necessary,  and  reduced  as  circumstances  permit,  the  extension  can  be 
made  to  last  the  whole  of  the  time  required  to  get  a  satisfactory  result.  With  a  haphazard 
pull  it  cannot. 

6.  The  pull  exerted  depends  entirely  upon  correct  application  and  continual  adjust- 
ment. There  is  no  automatic  compensation,  but  any  gliding  of  the  extension,  slipping  of 
knots,  elongation  of  bands,  compression  of  pads,  or  wasting  of  the  limb,  means  that  the 
traction  has  been  impaired,  only  to  be  restored  when  the  apparatus  is  readjusted. 

2.   WEIGHT    EXTENSION. 

As  opposed  to  the  above  method,  the  pull  exerted  by  weight  extension  is  exactly 
calculated,  variable  at  will,  and,  being  automatically  adjusted,  it  remains  of  the  required 
strength  at  all  times  and  under  all  conditions. 

It  may  be  urged  against  weight  extension  that  it  is  essentially  a  hospital  method. 
True.  But  fractures  are  hospital  cases,  and  under  modern  conditions  can  easily  be  brought 
within  twenty-four  to  forty-eight  hours  to  a  hospital  where  treatment  can  be  efficiently 
carried  out.  Counter-extension  is  amply  good  enough  for  the  temporary  fixation  of  a 
fracture  during  transport,  but  that  is  no  reason  why  it  should  not  be  replaced  by  more 
scientific  methods  during  the  remainder  of  the  treatment. 

The  chief  drawbacks  to  the  Thomas  as  a  weight-extension  splint,  are  the  complete 
ring  above  and  the  closed  end  below.  The  complete  ring  is  not  being  used  for  counter- 
pressure,  and  remains,  like  the  pineal  body  and  the  appendix,  a  developmental  indication 
of  a  different  function  in  a  former  existence. 

The  fracture  splint  which  I  first  saw  at  Blake's  hospital  in  July,  1915,  and  whose 
use  in  cases  of  wounds  of  the  knee-joint  I  described  in  1916  and  1917,*  seems  to  me  to 
be  the  nearest  approach  to  the  ideal  extension  splint  for  fractures  of  the  lower  limb.  It 
has  the  following  advantages  over  a  Thomas  : — 

1.  In  manufacture.  It  is  made  out  of  one  piece  of  iron,  and  anybody  can  make  it 
who  has  an  elementary  knowledge  of  the  use  of  tools.  I  had  mine  made  by  a  black- 
smith at  Bar-le-Duc  at  a  trifling  cost. 

2.  In  transport.  One  dozen  Blake  splints  can  be  put  in  the  space  occupied  by  four 
Thomas  splints. 

3.  In  uniformitfj.  One  size  only  is  required,  that  for  an  average  thigh.  Not  only 
does  this  simplify  manufacture,  supply,  and  distribution  enormously,  but  a  good  fit  is 
certain  instead  of  being  extremely  rare.  It  is  easy  to  make  the  upper  end  wider  or 
narrower  to  fit  any  limb.  Against  this  advantage  must  be  set  the  fact  that  a  different 
splint  is  required  for  the  right  or  left  limb. 

4.  In  ease  of  application.  The  slings,  padding,  and  foot-piece — if  used — can  all  be 
fixed  up  beforehand,  and  the  limb  merely  laid  in  the  splint  and  fixed  instantly.  It  is 
much  easier  to  get  the  correct  support  for  the  limb  in  this  way. 

*  Guy's  Hosp.  Gaz.,  Oct.  21,  1916  ;   Lyon  Chirurq.,  Jan.  and  Feb.,  1917  ;    Brit.  Med.  Jour.,  Sept.  5,  1917. 
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Fig.  143.  — Blake  splint,  cross-piece,  and  foot-piece. 


5.  Fixation  for  travelling  is  as  good  as  in  a  Thomas,  and  is  more  rapidly  effected. 

6.  //  satisfies  all  requirements  in  itself,  and  can  be  used  as  :  (a)  A  simple  counter- 
extension  splint,  Thomas  t\-pe  :  (b)  Inverted,  as  a  straight  Hodgen  ;  (c)  As  a  trough 
spUnt  with  fixed  foot-piece  ;  (rf)  As  extension 
splint,  with  sliding  foot-piece,  Sinclair  t\i)e  ; 
(e)  As  screw-extension  splint,  Wallace-May- 
bury  type  ;  (/)  As  splint  for  suspension  of 
foot  by  metatarsus. 

7.  On  reaching  hospital,  it  is  ideally 
suited  for  slinging  and  weight  -  extension. 
Cords  of  the  required  length  are  kept  ready, 
with  hooks  to  fit  on  to  the  parts  of  the  splint 
designed  for  this  purpose,  and  each  case  is 
fixed  up  without  any  measuring  or  tying  of 
knots. 

8.  During   the  course  of  treatment,  readjustment  of  slings  or  alterations  in  the  foot- 
piece  can  be  effected  with  the  minimum  of  disturbance. 

As  used  by  us  at  Revigny,  the  Blake  splint  consists  of  the  following  parts  (Fig.  143)  : — 

1.  The  splint  itself.  This  is  made 
of  bar  iron  9  mm.  in  diameter,  and 
may  be  described  as  consisting  of  two 
parallel  bars  united  at  their  upper  end 
by  a  U -piece  set  at  an  angle.  The 
inner  limb  is  105  cm.  in  length,  the 
outer  limb  10  cm.  longer.  WTiere  the 
U  joins  each  side  bar,  there  is  a 
small  inverted  bend  1-5  cm.  wide. 
To  these  bends  are  attached  webbing 
straps  during  transix)rt,and  the  suspen- 
sion cords  during  hospital  treatment. 
These  bends  are  turned  outwards,  so 
that  the  width  between  the  upper  ends 
of  the  side  bars  is  4  cm.  greater  than 
the  width  between  the  bends  at  their 
junction  with  the  U.  The  U-piece  is 
covered  with  flannel  bandage  covered 
with  thin  rubber,  for  which  purp>ose  a 
portion  of  the  inner  tube  of  a  pedal 
bicycle  tvTC  serves  excellently.  This 
padding  is  comfortable,  clean,  wash- 
able, and  has  no  seams. 

2.  The  cross-piece,  which  can  be 
rigidly  fixed  to  the  side  bars  by  its 
screws ;  or  it  can  slide  upon  them,  in 
which  case  a  second  fixed  cross-piece 
is  added  to  give  the  bars  stability. 
Through  the  central  hole  passes  a  bolt 
with  a  wing-nut.  To  the  lateral  fixing- 
screws  the  lower  suspension  cords  are 
attached. 

3.  The  foot -piece,  which  is  made 
of  iron  2  mm.  thick. 

The  various  methods  in  which  these  three  pieces  of  apparatus  may  be  used  in  the 
treatment  of  fractures  of  the  lower  limb  will  be  seen  from  Fig.  144. 

Having  reached  the  conclusion  that  weight  extension  combined  with  suspension  is 


Fig.  Hi. — ^Various  methods  of  nsing  the  splint :  (a)  As 
Tliomas  splint :  (6)  As  straight  Hodsen  (inverted)  ;  (f)  As  trough 
splint  witii  fixed  foot-piece ;  (rf)  Ditto  with  slidins  foot-piece. : 
(>")  Ditto  with  screw  traction  foot-piece  ;  (fj  As  splint  for  suspen- 
sion of  metatarsus. 
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not  only  tlieoretically  the  soundest,  but  is  practically  the  best,  method  of  treatment  in  war 
fractures,  it  remains  to  be  seen  what  is  the  most  satisfactory  way  in  which  these  principles 
can  be  applied.  We  require  an  apparatus  which  will  allow  us  to  suspend  any  fracture, 
whether  of  the  upper  or  lower  limb,  in  any  desired  position,  and  at  the  same  time  to  take 
a  pull  in  the  line  of  the  fractured  bone.  Such  an  apparatus  must  first  of  all  be  efficient  ; 
but  granted  that  the  above  essentials  are  fulfilled,  the  simplest  and  cheapest  apparatus  is 
the  best. 

Where  beds  with  rails  at  the  head  and  foot  are  in  use,  it  is  very  hard  to  improve  on 
the  simple  frame  originally  introduced  by  Blake  at  the  beginning  of  the  war,  and  used 
continuously  during  the  last  three  years  at  his  own  and  many  other  French  hospitals. 
A  diagram  {Fig.  145)  will  explain  its  construction  more  readily  than  a  verbal  description. 


FIG.  115. — Blake's  suspension-extension  frame,     (a)  End   member,  (6)  Overliead  bar,  (c)  Frame  erected. 

It  is  light,  strong,  simple,  and  extremely  cheap  to  make.  The  ones  we  had  made  at 
Revigny  cost  8  francs  each.  It  can  be  erected  in  a  few  minutes,  and  when  erected  becomes 
an  integral  part  of  the  bed,  to  the  weight  of  which  it  does  not  greatly  add,  so  that  in  fine 
weather  bed  and  frame  can  be  carried  together  into  the  open  air  without  disturbing  the 
arrangement  of  the  suspension.  It  can  be  used  on  both  sides  of  the  ward  simultaneously, 
can  be  dismantled  as  soon  as  done  with,  and  stored  in  a  small  space.  But  apart  from  this, 
it  provides  satisfactory'  attachments  for  the  suspension  and  extension  of  any  fracture  of 
the  upper  or  lower  limb.* 

In  the  case  of  the  army  beds  which  have  no  rail  at  the  end,  it  would  not  be  easy  to 
attach  such  a  frame  to  the  bed  itself.  All  requirements  are,  however,  satisfied  in  such  a 
ca.se  by  three  overhead  bars  of  wood  or  stout  gas-piping  running  the  whole  length  of  the 
ward.  One  is  placed  vertically  above  the  shoulder,  one  at  the  level  of  the  groin,  and  one 
at  the  level  of  the  foot.  Such  bars  may  be  fixed  to  the  rafters  supporting  the  roof  (Fig.  147). 
Should  any  intermediate  extension  point  be  required  (which  is  not  often),  it  can  be 
obtained  by  laying  a  6-ft.  wooden  bar  across  two  of  the  longitudinal  beams,  or  by 
suspending  a  pulley  between  two  beams  with  extension  cord. 


"  Since  writing  the  above  I  have  seen  in  the  Manual  of  Splints  and  Appliances  for  the  Medical  Depart- 
ment of  the  U.S.  Army,  compiled  by  a  board  of  medical  officers  appointed  to  investigate  the  different  forms 
of  apparatus  in  use  for  the  treatment  of  fractures,  the  following  statement  (p.  27)  :  "  After  considerable 
investigation,  the  board  has  been  convinced  that  the  Blake  pattern  of  quadrilateral  frame  erected  over  the 
bed  ha-s  all  the  merits  of  the  more  cumbersome  frames,  and  the  following  advantages:  (1)  Lightness  of 
construction  ;  (2)  Cheapness  of  construction  ;  (3)  Increased  rigidity  in  proportion  to  weight ;  (4)  Economy 
of  space  ;    (5)  Ease  of  adjustment  for  different  positions. 
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FIG.  116. — 'Fmae — shown  erected  and  folded-  providing  for  a 
h<Mizontal  pull  at  the  foot  of  a  bed. 


If  these  overhead  beams  are  used,  it  is  necessary  also  to  have  some  means  of  taking  a 

horizontal  pull  at  the  foot  of  the  bed.     This  is  provided  by  a  verj'  simple  frame  {Figs. 

146,  147),  which  is  an  amplification  of  one  seen  at  No.   2  Red  Cross   Hospital,  Calais, 

made     f)ortable     and     adjustable,     and 

adapted  to  the  army  bed.     It  allows  of 

extension  at  any  desired  angle  of  flexion 

or  abduction,  combined  with  any  required 

tilt  of  the  bed.     It  folds  up  flat,  and  can 

be  stored  easily  and  erected  instantly. 

The  frame  consists  of  a  main  mem- 
ber (A)  and  a  supporting  strut  (B).     B  is 

united  to  A   by  strong  hinges  (1)  at  the 

sides,  and  furthermore  a   tongue  (2)   in 

the  upper  ends  of  the  side  bars  of  the 

strut   B  fits  into   corresponding  slots  in 

the  side  bars  of  A,  locking  the  two  firmly 

together  when  extended.     A  stout  hook 

(3),  fastened  to  A  and  fitting  into  a  ring 

in   B,  makes  the  whole  absolutely  rigid 

when  erected.     In   addition   there  is    a 

movable  cross-bar  (4),  which  is  attached 

to  the  holes  in  A  by  bolts  and  wing-nuts. 

In  use,  the  cross-bar  (4)  is  put  at  the  desired  height,  and  the  two  iron  side  bars  of 

the  army  bed  are  rested  upon  it.     They  are  held  laterally  by  the  side  bars  of  A,  and  are 

prevented  from  slipping  back  by 
the  locking  of  their  projecting 
knobs  against  the  edge  of  the 
cross-bar  (4).  The  extension  pulley 
is  attached  to  the  top  cross-bar  of 
A.  Should  extension  be  desired 
with  verj'  little  tilting  of  the  bed, 
another  cross-bar  (5)  is  attached 
to  A  at  the  required  height,  to 
which  bar  the  pulley  is  attached. 
With  this  combination  of  longitu- 
dinal beams  and  extension  frame, 
all  the  requirements  for  the  treat- 
ment of  any  fracture,  whether  of 
the  upper  or  lower  limb,  are 
satisfied. 

Fractures  of  the  Lower  Limb. 
— Ha\ing  discussed  at  some  length 
the  principles  involved  in  the 
treatment  of  fractures,  I  do  not 
suggest  touching  upon  detail  as 
regards  the  treatment  of  fractures 
of  the  lower  limb.  Suspension  and 
weight  traction  can  be  applied  in 
many  ways,  and  the  splint  matters 
less  than  the  way  in  which  it  is 
used.  Fig.  147  illustrates  the 
scheme  of  suspension  in  the  case 
of  a  fracture  of  the  femur,  and 
shows  the  Calais  frame  and  the  longitudinal  suspension  bars  in  use.  The  splint  is  sus- 
pended by  two  cords  only,  attached  by  a  nmning  reef  loop  to  two  lengths  of  cord  fixed 


Fig.  147. — Scheme  of  extension  f<»  fractmcd  fenmr. 
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respectively  to  the  upper  and  lower  ends  of  the  splint.  By  such  an  arrangement  the  splint 
is  adjusted  in  the  horizontal  plane,  and  has  then  no  further  tendency  to  tilt.  The  Thomas 
splint  is  often  suspended  by  four  independent  cords,  to  which  are  attached  weights,  which 
must  be  altered  as  needed  in  order  to  counteract  the  tilting  which  inevitably  occurs. 

The  method  illustrated  has  two  obvious  advantages  over  that  of  using  the  patient's 
own  weight  as  the  extending  force. 

1.  The  patient  is  comfortable.  He  can  have  as  many  pillows  as  he  wishes,  he  can 
sit  up  to  read  or  write,  and  he  can  move  up  or  down  the  bed.  He  is  less  likely  to  develop 
chest  complications.  Yet  he  cannot  increase  or  diminish  the  action  of  the  extending  force 
in  the  slightest  degree,  unless  he  brings  the  bottom  of  his  splint  down  to  the  extending 
pulley  on  the  frame.     In  a  tilted  bed  this  never  occurs. 

2.  The  method  is  as  nearly  automatic  as  anything  can  be  in  surgery.  Lateral  aline- 
ment  looks  after  itself,  and  length  looks  after  itself.  The  bone  when  united  will  not  be 
too  short,  and,  what  is  almost  as  important,  it  will  not  be  too  long,  for  the  intramuscular 
fascial  planes  are  strong  structures,  and  it  requires  gross  overpulling  to  lengthen  them. 
The  only  thing  that  has  to  be  combated  is  the  tendency  to  backward  sagging  at  the  site 
of  fracture. 

Fractures  of  the  Upper  Limb.  —  Whatever  difficulties  there  are  in  the  application 
of  splints  to  war  fractures,  these  difficulties  are  much  greater  in  the  case  of  the  humerus 

than  of  any  other  bone.  Its 
upper  third  is  enveloped  by 
the  muscles  of  the  axillary  folds 
and  cannot  be  satisfactorily 
controlled  by  a  splint.  The 
shoulder  girdle  is  impossible  to 
fix.  Not  only  is  it  extremely 
movable  itself,  but  it  is  mounted 
upon  that  part  of  the  trunk 
which  is  subjected  to  the  great- 
est aniount  of  movement.  Here 
counter-extension  is  seen  at  its 
worst.  The  pull  which  is  ex- 
erted depends  entirely  upon 
the  amount  of  flexion  or  abduc- 
tion of  the  arm  relative  to  the 
trunk.  Two  diagrams  (Figs. 
148)  make  this  point  sufficiently 
clear.  The  humerus  and  the 
Thomas  splint  are  drawn  to  scale.  It  will  be  seen  that  the  distance  between  the  two 
fixed  points  differs  by  as  much  as  three  or  four  inches  in  the  extreme  positions. 

The  reason  that  counter-extension  is  so  frequently  employed  in  the  treatment  of  the 
fractures  of  the  humerus  is  that  this  method  allows  the  patient  to  walk  about  with  an 
ununited  fracture.  It  appears  to  me  that  the  case  for  ambulatory  treatment  is  based 
upon  an  inverted  view  of  cause  and  effect.  It  is  argued  that  the  improvement  in  a  man's 
general  health  resulting  from  fresh  air  and  exercise  reacts  favourably  upon  the  progress 
of  his  wound.  But  the  quickest  way  to  get  a  man  well  is  to  remove  the  cause  of  his  illness, 
and  is  therefore,  in  this  case,  to  overcome  sepsis  and  get  the  fracture  united  as  soon  as 
possible.  The  only  certain  means  to  attain  this  end  is  by  providing  adequate  fixation. 
No  splint  properly  controls  a  fracture  of  the  humerus  in  both  the  walking  and  recumbent 
positions,  and  even  the  most  ambulatory  of  patients  spends  eight  hours  out  of  the  twenty- 
four  in  bed.  The  value  of  a  method  is  shown,  not  by  the  date  at  which  it  allows 
the  patient  to  walk  about  the  hospital,  but  rather  the  date  at  which  it  allows  him  to  walk 
out  of  the  hospital  cured.  Judged  by  such  a  standard,  the  treatment  of  fractures  of  the 
humerus  by  simple  weight-extension,  as  used  by  Blake,  is  one  of  the  most  strikingly  satis- 
factory  things   in   war  surgery.     The   results  obtained   are  excellent,   and  the   effect   of 


C^ 


Fltt.  148. — DiaCTams  showiiii^  effects  of  abduction  and  flexion  of  liumerus 
in  altering  the  di.stance  between  the  fixed  points  in  coujiter-extensio.i. 
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continuously  correct  apjxwition  of  the  ends  of  the  bone,  combined  with  slight  movement 

at  the  seat  of  fracture,  is  that  union  is  obtained  remarkably  early.   So  treated,  it  is  common 

enough    to    see    a    fracture    of    the 

6^  CM  or  26  inches 
«•- 

Button  holesr 


seim.  edge 
in  idiicb 
wire  is 
inserted 


20  on 
or 
6  inches 


Strips  se^ti  oa,   thvts  foming  lubes   into  >rixicb 
»oo4«n  lathes  are   inserted.    Distance  between 
two  strips  7,^  cm  or  ;}  Inches. 

FIG.  149. — Diasram  of  canvas  sling. 
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FIC.  150. — ^Diagram  of  finger  e.xcreiser. 


humerus     united     at     the     end     of 

twenty-five  days,  in  perfect  position, 

with  a  full  range  of  all  movements 

at  the  elbow-joint. 

If  a  fracture  of  the  humerus  is 

treated  by  weight  extension,  a  splint 

is   no   aid,   but    rather  a    hindrance. 

However,     there     are     the     natural 

splints,  the  muscles,  lying  in  correct 

position,  and  only  waiting  to  be  put 

on  the  stretch  to  spring  into  instant  action   and   force  the  fractured  bone  into  correct 

alinement. 

Take,  for  example,  the 
case  of  a  fracture  of  the  upper 
third  of  the  humerus,  where 
the  deltoid  is  pulling  the  lower 
fragment  outwards,  and  the 
pectoralis  major,  teres,  and 
latissimus  dorsi  are  pulling 
the  upper  fragment  inwards. 
To  try  to  push  the  fragments 
into  position  by  local  splint- 
BucUe  to  take  extension  band.  M^-^A        ing,     e.g.,      by      Middledorf  s 

triangle,  is  distinctly  unsatis- 
factorj'.  The  command  of  the 
fragments    is    poor,    and    the 

distorting  forces  are  not  under  control.     The  remedy  is  on  the  spot,  and  only  needs  to 

be  used.     The  long  head  of  the  biceps  lies 

between    the    tendons    of    the     pectoralis 

major  and  teres  ;    once  it   is   put  on   the 

stretch,    it    pulls    them    back     into     line. 

The    coracobrachialis   and    short    head    of 

the   biceps  spUnt  the   fracture    internally, 

the  deltoid  is  converted  by  traction  from 

a  distorting  agent  into  an  external  splint, 

and    posteriorly   the    outer   head    of    the 

triceps  bridges  the  gap  and  completes  the 

series  of  natural  supports. 

In  the  treatment  of  fractures  of  the 

humerus,  two  additional  pieces  of  appar- 
atus are  used  :  (1)  A  canvas  sling,  ex- 
plained in   the  diagrams  (Figs.    149,  151, 

152);    (2)    A  finger    exerciser,    useful    but 

not  essential.     This,  too,  is  self-explanatory 

(Figs.  150,  151.  152). 

The  method   of   slinging  fractures   of 

the   humerus   is  more  easily  explained  by 

diagrams  than  by  verbal  description.     Fig. 

151  shows  the  canvas  sling,  linger  exerciser, 

and   overhead  bars.     The   weights   shown 

are  those  usually  required.  As  in  frac- 
tures of  the  femur,  it  is  best  to  overcorrect  the  tendency  of  the  fracture  to  sag,  and  to 

reduce  the  weight  later  if  it  is  found  to  be  excessive. 
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Fig.  152. — Scheme  of  extension  of  fracture  of  humerus,  lower  third. 


In  fractures  just  above  the  elbow-joint,  a  flexed  position  is  desirable.     When  the  limb 

is  slung  in  this  position,  the  forearm  comes  to  rest  in  a  position  of  three-(|narter  supination, 

and  any  trouble  with  fixation  of  the  elbow  in  an  extended  position  is  avoided.     In  Fig.  15'J 

a  Calais  frame  is  used  to  take  a 
j)idley  carrying  the  extension  cord 
from  a  figure-of-eight  sling  around 
the  elbow. 

Fractures  of  the  Forearm  and 
of  the  Wrist. — Just  as  in  fractures 
of  the  tibia  and  ankle  it  is  necessary 
to  fix  the  knee,  so  in  fractures  of 
both  bones  of  the  forearm  it  is 
necessary  to  fix  the  elbow.  Hence, 
even  with  weight  extension,  a  splint 
is  required.  I  use  an  adaptation  of 
the  Blake  leg  splint  for  this  purpose 
(Fig.  153).  It  will  be  seen  that  it 
is  very  similar  to  the  leg  splint, 
except  that  it  is  lighter — of  7  mm. 
iron — is  bent  at  an  angle  of  100 
degrees,  the  U-piece  is  set  at  right 
angles  to  the  side  bars,  and  the  side 
bars  are  strengthened  15  cm.  beyond 
the  bend  by  a  cross-hoop  welded 
on  to  them.  The  width  between 
the  bars  is  12  cm.,  the  length  from 
the  U-piece  to  the  angle  19  cm.,  and 
from  the  angle  to  the   lower  end  65 

cm.     The  cross-piece   is  identical  with  that   for  the  leg  splint,  except  for  its  size.     The 

U-piece  is  padded  with  flannel  covered  with  leather. 
For  the  treatment 

of  fractures  of  the  fore- 
arm, an  ordinary  coat- 
hanger   is   attached    to 

the  under  aspect  of  the 

side  bars  of  the  splint 

by  two  screw-rings,  .so 

that  it  can  glide  freely 

up  and  down.   A  cotton 

glove    is   glued    to   the 

hand,   and    a    piece   of 

cord    tied    to    the    tip 

of  each   of  its    fingers. 

Slings  are  then  arranged 

along    the    splint,    the 

arm  is  laid  in  position, 

and  the  upper  arm  held 

by     a     firm     bandage. 

The  forearm  is  now  put 

in    a    position    of    full 

supination,  and  in  this 

position  the  strings  from 

the  fingers   are  tied  to 

the  coat-hanger.     The  splint  is  now  hung  from  the  beams  (Fig.  154),  a  weight  of  4  lb. 

being  usually  sufficient,  as  the  extension  takes  part  of  the  weight  of  the  limb.     Finally, 


Wire   support  m  front   view 


Suspension 
Wrist 


Attachdmt  »{  Hand 
to  ce«t  hanger 


FIG.  loo. — Apparatus  for  fractures  of  forearm. 
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a  cord  is  attached  to  the  hook  of  the  coat-hanger,  led  through  the  central  hole  in  the 
cross-piece,  taken  over  a  pulley  on  the  lower  roof  beam,  and  a  weight  of  4  lb.  is  attached. 
Thus,  continuous  extension  is  secured  in  a  position  of  full  supination. 

In  the  treatment  of  fractures  of  the  wrist,  where  for  some  reason  the  patient  must 
be  treated  in  bed,  the  same  coat-hanger  is  attached  by  the  same  screw-rings  to  a  wire 
frame  resting  on  the  side  bars  of  the 
splint,  and  clam|)ed  in  position  by  the 
bolt  in  the  cross-piece  (Fig.  153).  Sus 
f)ension  of  the  splint  as  a  whole  is  all 
that  is  required  to  obtain  dorsiflexion 
combined  with  moderate  extension. 

CONCLUSIONS. 

It  may  be  said  that  it  matters 
little  what  particular  type  of  frames, 
or  even  of  splints,  is  used  ;  what  matters 
is  the  way  they  are  used.  I  have 
described  the  Blake  splint  which  we  used 
at  Revigny,  not  in  order  to  urge  its 
adoption,  but  with  a  view  to  f>ointing 
out  that  our  use  of  the  Thomas  splint 
is  largely  due  to  an  unquestioning 
acceptance  of  an  already  existing  appar- 
atus. Weight  traction  is  one  of  the 
oldest  of  methods,  but  it  has  neverthe- 
less been  largely  lost  sight  of,  and  it  is  only  by  a  series  of  steps,  each  following  logically 
upion  the  last,  that  one  has  been  led  to  the  rediscovery  that  it  is,  after  all,  the  best  of 
methods.     These  steps  have  been  : — 

1.  The  use  of  one's  favourite  pre-war  methods. 

2.  The  adoption  of  the  Thomas  or  some  similar  splint,  used  for  the  application  of 
traction  by  means  of  counter-extension. 

3.  The  discover^'  that  results,  though  better,  are  still  far  from  perfect.  The  pull  is 
therefore  increased,  perhaps  by  screw  traction,  with  resulting  discomfort  to  the  patient, 
development  of  pressure  sores,  and  with  not  much  better  results. 

4.  To  relieve  this  pressure  on  the  skin,  the  bed  is  tilted  and  the  splint  tied  to  its  foot, 
or  weights  are  attached,  primarily  with  the  object  of  diminishing  the  pressure  on  the  tuber 
ischii. 

5.  By  stages  of  increased  weight-pull  it  is  discovered  that  when  the  ring  is  pulled 
right  away  from  the  tuber  ischii,  not  only  does  no  harm  ensue,  but  almost  perfect  results 
are  obtained. 

6.  Weight  traction  is  substituted  as  a  definite  line  of  treatment. 

7.  One's  ideas  of  splints  are  revised  according  to  the  new  principles  used.  Much 
traditional  apparatus  is  consequently  discarded,  and  methods  are  progressively  simplified 
in  the  light  of  experience. 


-Scheme  of  extension  of  fracture  of  both  bones 
of  forearm. 
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THE    DIAGNOSIS    AND    TREATMENT    OF    INJURIES    TO    THE 

CRUCIAL    LIGAMENTS. 

By  Major    S.    ALWYN    SMITH,    D.S.O.,    Cakdiff. 

Up  to  the  last  ten  years  very  little  has  been  written  concerning  injuries  to  the  crucial 
ligaments,  and  references  in  literature  concerning  the  operative  treatment  for  the  condition 
have  been  scanty,  and  practically  non-existent  regarding  the  mechanism  which  produces 
the  injury.  References  to  the  immediate  suture  of  ruptured  crucials  have  been  made  by 
Mayo  Robson,  Battle,  Pagenstecher,  Robert  Jones,  and  Hogarth  Pringle. 

Pagenstecher,  Honigschmied,  and  Dittel  have  written  concerning  the  experimental 
rupture  of  these  ligaments.  In  1907,  Hogarth  Pringle  described  a  case  of  rupture  of  the 
anterior  crucial  with  avulsion  of  the  tibial  spine  treated  by  operative  means  ;  this  was  the 
first  instance  described  in  which  the  rupture  had  involved  the  bony  attachment  of  the 
ligament.  About  this  time  I  was  taking  many  radiograms  of  knee-joints  for  Sir  Robert 
Jones  during  my  association  with  him,  and  we  were  struck  by  the  fact  that  intra-articular 
fractures  were  commoner  than  was  anticipated,  and  that  whereas  some  were  connected  with 
crucial  ligament  injuries,  others  showed  no  signs  of  any  such  ligamentous  damage.  The 
injury  causing  the  damage  to  the  knee-joint  was  in  many  cases  almost  identical  ;  but 
whereas  one  j)atient  sustained  a  sprained  or  torn  anterior  crucial,  another  would  display 
a  fractured  external  tubercle  of  the  spine  with  no  signs  of  crucial  ligament  injury. 

Our  investigations  on  the  matter  were  collected  and  published  in  the  first  number 
of  this  Journal  in  1913.  The  role  of  the  crucials  in  sustaining  the  integrity  of  the  knee- 
joint  has  not  been  fully  recognized,  although  Corner,  in  an  excellent  paper  on  the  surgery 
of  the  knee-joint  published  in  1914,  pointed  out  the  importance  of  the  crucials  in  bearing 
strain  in  all  movements  of  the  knee.  P>om  the  surgical  standpoint  the  anterior  crucial 
is  more  important  than  the  posterior,  as  it  is  very  much  more  liable  to  damage  ;  in  fact, 
one  may  say  that  the  posterior  crucial  almost  invariably  escapes,  except  in  those  severe 
injuries  that  are  connected  with  dislocation  of  the  knee. 

Since  the  war  began,  the  question  of  anterior  crucial  injuries  has  been  more  forcibly 
brought  to  our  notice  on  account  of  the  great  number  of  bad  knee-sprains  that  we  are 
seeing;  this  is  doubtless  due  to  the  hardships  of  active  service.  'Shell  bursts'  on  the 
parapet  cause  men  to  be  partially  buried  or  forcibly  thrown  off  their  feet  in  various  ways, 
'Shell  hole'  cases,  where  men  heavily  equipped  fall  into  muddy  holes  at  night  when  going 
'up'  on  ration  parties,  are  obviously  apt  to  cause  more  severe  knee-joint  injuries  than  ever 
come  off  the  football  field. 

I  wish  to  draw  attention  to  the  importance  from  the  military  standpoint  of  the  sprained 
anterior  crucial  ligament  in  connection  with  injuries  to  the  internal  semilunar  cartilage, 
and  to  emphasize  that  this  is  the  main  reason  why  operations  for  the  removal  of  the 
internal  semilunar  cartilage  have  sometimes  proved  so  unsatisfactory  in  the  soldier.  With 
regard  to  this  point,  I  will  speak  more  fully  when  describing  the  'rocking'  knee  as  the  main 
symptom  of  the  stretched  anterior  crucial  ligament. 

Anatomy. — The  crucial  ligaments  extend  from  the  intercondyloid  notch  of  the  femur 
to  the  non-articular  area  on  the  upper  surface  of  the  tibia.  They  are  about  the  thickness 
of  a  slate  })encil,  and  are  invested  by  a  prolongation  of  the  synovial  membrane,  so  that 
they  are  excluded  from  the  synovial  cavity  although  intracapsular.  The  anterior  crucial 
is  attached  above  to  the  inner  side  of  the  external  femoral  condyle  at  its  posterior  part. 
It  passes  downwards,  forwards,  and  slightly  inwards,  and  becomes  fixed  to  the  superior 
surface  of  the  tibia  in  front  of  the  internal  tubercle  of  the  spine,  to  the  base  of  which  a  few 
of  its  posterior  fibres  are  attached  ;    it  is  also  attached  to  the  anterior  horn  of  the  external 
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semilunar  cartilage  (Case  3).  The  posterior  cnicial  springs  proximally  from  the  anterior 
part  of  the  outer  surface  of  the  inner  femoral  condyle,  and  passes  downwards,  backwards, 
and  slightly  outwards  to  the  posterior  rounded  surface  of  the  non-articular  area  of  the 
superior  surface  of  the  tibia  (posterior  inter-condylic  fossa),  to  which  it  is  fixed. 

The  knee-joint  is  composed  of  three  separate  articulations,  two  femoro-tibial  and 
one  femoro-patellar.  The  two  crucial  ligaments  are  lateral  ligaments  of  the  femoro-tibial 
joints.  The  ligamenta  alaria  and  ligamentum  mucosum  are  the  remains  of  the  partition 
between  the  separate  synovial  cavities  of  this  joint.  Not  infrequently  one  finds  the 
ligamentum  mucosum  as  a  sheet  extending  backwards  to  become  continuous  with  the 
layer  of  sj-novial  membrane  involving  the  crucial  ligaments,  thus  isolating  the  two 
lateral  synovial  cavities  (Paterson). 

Mechanism. — It  should  be  realized  that  the  stability  of  the  knee-joint  depends  upon 
the  integrity  of  (1)  The  muscles  acting  on  the  joint,  with  their  aponeurotic  expansions  ; 

(2)  The  capsule  of  the  joint,  and  its  reinforcements,  the  lateral  and  posterior  ligaments  ; 

(3)  The  semilunar  cartilages  ;   and  (4)  The  crucial  ligaments. 

Each  and  every  one  of  these  structures  is  dependent  upon  the  other.  The  crucial 
ligaments  stand  a  large  amount  of  strain  in  any  abnormal  movements  of  the  knee-joint. 
The  anterior  crucial  is  tight  when  the  joint  is  extended,  becomes  slack  in  semiflexion, 
.and  tense  when  the  joint  is  fully  flexed.  The  posterior  crucial  is  tight  in  full  flexion, 
becomes  slack  in  semiflexion,  but  with  the  joint  in  full  extension  the  ligament  again  tends 
to  become  tense.  It  is  thus  seen  that  in  full  extension  of  the  joint  the  anterior  crucial 
prevents  antero-posterior  mobility  of  the  joint,  and  the  posterior  one  fulfils  the  same  role 
in  full  flexion  of  the  joint.  The  amount  of  tension,  however,  is  merely  relative,  as  can  be 
easily  demonstrated  by  forcibly  pulling  and  pushing  the  head  of  the  tibia  on  an 
anaesthetized  person  with  the  knee  in  semiflexion.  It  is  found  that  the  amount  of  sliding 
of  the  tibia  on  the  femur  is  verj*  slight. 

Extension  of  the  joint  is  limited  by  :  (1)  The  hamstring  muscles  ;  (2)  The  ligament  of 
Winslow  ;  (3)  The  lateral  ligaments  ;  (4)  The  anterior  crucial  ;  (5)  The  posterior  crucial. 
The  most  important  are  the  ligament  of  Winslow  and  the  anterior  crucial.  Rotation 
is  prevented  in  the  extended  position  by  all  the  ligaments  before  mentioned.  In  semi- 
flexion a  certain  amount  of  internal  rotation  is  allowed,  on  account  of  the  relaxation  of 
the  anterior  crucial  and  the  internal  lateral  ligaments.  Paterson  is  of  opinion  that  internal 
rotation  is  mainly  limited  by  the  crossing  of  the  crucial  ligaments,  the  anterior  pressing 
on  the  tightening  posterior. 

In  the  semiflexed  position  external  rotation  is  comparatively  free.  It  is  limited  by 
the  superficial  fibres  of  the  internal  lateral  ligament  to  a  certain  extent,  but  mainly  by  the 
deep  attachment  of  this  ligament  to  the  internal  semilunar  cartilage  (the  coronarj'  liga- 
ments). The  anterior  crucial  and  the  external  lateral  ligaments  have  no  limiting  action 
at  all.  Paterson  thinks  that  the  posterior  crucial  ligament  limits  this  rotation  as  it 
becomes  tightened.     This  I  have  not  been  able  to  verify  clinically  (Case  4). 

Adduction  of  the  knee  is  limited  by  the  external  lateral  ligament  and  the  posterior 
crucial,  aided  by  the  wedge-like  semilunar  cartilages.  Abduction  of  the  knee  in  the  fully 
extended  position  is  limited  by  the  superficial  fibres  of  the  internal  lateral  ligament.  ^Mien 
the  knee  is  semiflexed  more  than  20  degrees,  these  fibres  pass  out  of  action,  and  the 
main  source  of  stability  is  now  (1)  The  deep  internal  lateral  ligament  ;  (2)  The  anterior 
crucial  ligament.  Lateral  sliding  of  the  knee  is  prevented  by  the  crucial  ligaments,  and 
by  the  semilunar  cartilages  on  account  of  their  wedge-Uke  shape,  and  also  by  reason  of 
their  attachments  to  the  lateral  ligaments.  All  fibres  of  the  lateral  ligaments  also  assist 
in  preventing  sliding  movements. 

The  commonest  form  of  knee  sprain  combines  abduction  of  the  knee  with  external 
rotation  of  the  tibia,  the  knee  being  in  the  semiflexed  position.  The  deep  fibres  of  the 
internal  lateral  ligament  attached  to  the  internal  semilunar  cartilage  become  torn,  and 
the  cartilage  either  fractures  or  is  displaced.  Should  the  abduction  of  the  knee  continue 
further,  the  entire  strain  is  borne  by  the  anterior  crucial  ligament,  which  becomes  in 
its  turn  stretched  or  torn,  or  the  internal  tubercle  of  the  tibial  spine  becomes  aviilsed. 
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It  is  obvious  that  the  severity  of  the  lesion  to  the  anterior  cnieial  liwament  is 
^  dependent  upon  tlie  strain  to  which  the  knee  is  exposed.  When  one  examines  a  knee-joint 
which  has  sustained  an  injury  that  betokens  a  damaged  internal  semilunar  cartilage, 
the  examination  is  not  complete  without  verifying  the  integrity  of  the  anterior  crucial. 
Rotation  outwards  is  always  more  obvious  after  removal  of  the  internal  semilunar 
cartilage,  as  is  also  abduction  in  the  semiflexed  position  (Case  4). 

Several  cases  have  been  seen  where  the  cartilage  has  been  removed  and  the  symptoms 
of  locking  have  been  relieved,  but  the  weak  'rocking'  knee  has  remained.  In  each  case 
the  patient  was  of  opinion  that  the  laxity  of  the  knee  was  due  to  faulty  operation,  until 
the  true  nature  of  the  injury  was  explained  to  him.  It  is  thus  expedient  to  safeguard 
oneself  by  a  thorough  examination  to  verify  the  structures  that  are  damaged.  Where 
there  has  been  an  avulsion  of  the  tibial  spine,  the  symptoms  of  laxity  are  often  masked  ; 
on  account  of  the  new  bone  formation  there  is  inability  to  fully  extend  the  knee,  and 
forward  sliding  of  the  tibia  is  prevented.  During  operation  for  this  condition,  with  the 
muscles  acting  on  the  joint  relaxed  under  the  anaesthetic,  the  anteroposterior  mobility 
of  the  tibia  manifests  itself  markedly. 

Clinical   Manifestations. — The  following  types  of  lesion  may  occur  : — 

A.  Due  to  Direct  Trauma. — (1)  Rupture  or  stretching  of  both  crucials,  due  to  grave 
injuries  to  the  joint  such  as  dislocations  of  the  knee  ;  rarely  the  crucials  may  be  destroyed 
by  gunshot  wounds  passing  laterally  through  the  joint.  (2)  With  bony  involvement — 
avulsion  of  the  tibial  spine — anterior  crucial  only.  (3)  Combined  with  torn  or  displaced 
internal  semilunar  cartilage — anterior  crucial  only.  (4)  Rupture  or  stretching  of  one  crucial 
ligament  without  other  damage — uncommon  in  anterior,  rare  in  posterior  crucial. 

B.  Due  to  Mechanical  Causes  (Indirect  Trauma). — (5)  Genu  recurvatum — producing 
laxity  in  both  crucials — anterior  more  than  posterior. 

Crucial  laxity  may  also  occur  : — 

C.  Due  to  Disuse. — (6)  Inflammations  in  or  around  the  knee-joint — the  lateral  liga- 
ments are  more  apt  to  suffer,  the  crucials  generally  escape  {Case  6).  (7)  Disease  or 
trauma  of  hip  requiring  long  immobilization — the  same  results  are  found  as  in  (6). 

D.  Due  to  Disease. — (8)  Charcot's  disease — generalized  disintegration  of  all  liga- 
mentous structures  connected  with  the  joint. 

In  classifying  lesions  of  the  crucial  ligaments,  it  is  important  to  remember  that 
tearings  are  always  due  to  severe  trauma,  but  that  stretchings  can  occur  as  the  result  of 
continued  strain  due  to  mechanical  causes.  Disuse  of  the  knee-joint  apparently  affects 
the  lateral  ligaments  more  than  the  crucials,  and  continued  extension,  as  in  the  treat- 
ment of  fractures  of  the  femur,  has  the  same  result — the  crucials  appearing  little  the 
worse.  Charcot's  disease  affects  all  ligaments  of  the  knee  to  a  similar  extent,  and  an 
extreme  flail-like  joint  results. 

From  the  clinical  aspect,  the  anterior  crucial  is  of  greater  importance  than  the  posterior, 
being  more  liable  to  injury.  The  combined  rupture  of  the  external  lateral  ligament  and 
lax  posterior  crucial  is  a  rare  condition,  and  I  only  remember  having  seen  one  or  two  cases. 

A  stretched  anterior  crucial  is  almost  invariably  associated  with  a  torn  internal  semi- 
lunar cartilage,  except  where  the  injury  has  been  a  forcible  hyperextension  of  the  joint  that 
has  stretched  the  ligament  of  WMnslow  and  the  anterior  crucial  at  the  same  time  ;  this 
type  of  case  is  rare,  but  if  the  case  is  of  long  standing,  genu  recurvatum  will  be  present 
and  the  tibia  can  be  brought  forward  on  the  femur  in  the  hyperextended  position. 
Conversely,  the  anterior  crucial  may  be  gradually  stretched  in  malimited  fractures  of 
both  bones  of  the  leg,  set  with  an  anterior  concavity.  Here  the  body  weight  is  thrown 
behind  the  centre  of  the  knee-joint,  and  the  anterior  crucial  and  the  ligament  of  Winslow 
have  strain  thrown  upon  them  at  every  step  taken  {Case  5). 

In  avulsion  of  the  tibial  spine,  where  the  cause  is  usually  a  fall  in  the  flexed  and 
internally  rotated  position  of  the  tibia,  the  internal  semilunar  escapes  as  a  general  rule, 
although  it  is  not  an  uncommon  history  to  find  that  a  displaced  cartilage  has  been 
diagnosed  and  even  operated  upon,  the  true  condition  having  remained  undiagnosed.  It 
is  essential  that  all  cases  that  display  inability  to  extend  the  joint  fully  should  be  radio- 
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graphed,  although  the  bone  block  of  a  tibial  spine  ease  should  readily  be  diagnosed  from 
the  "elastic'  block  of  a  displaced  internal  cartilage. 

Rupture  of  the  posterior  crucial  alone  is  ver\-  rare,  and  I  have  never  seen  a  case. 

Rupture  of  both  crucials  can  occur  in  forward  dislocation  of  the  tibia  with  hj-per- 
extension  of  the  knee,  and  also  where  the  tibia  is  dislocated  backwards  and  upwards. 
Lateral  dislocation  has  produced  the  dual  lesion,  and  in  addition  there  may  be  paralysis 
of  one  or  both  of  the  popliteal  nerves.  In  all  these  cases  of  severe  injury  there  is  a  flail- 
like knee. 

When  the  tibia  can  be  brou/rht  forwards  on  the  femur  in  fiill  extension,  the  anterior 
crucial  is  definitely  ruptured,  ^^'hen  the  posterior  crucial  is  ruptured,  the  tibia  may  be 
displaced  backwards  into  the  ham  with  the  knee  in  full  flexion. 

In  old-standing  cases  the  anterior  crucial  may  be  found  to  be,  not  fully  ruptured,  but 
stretched  and  attenuated  ;  to  all  intents  and  purposes  the  condition  is  quite  as  serious 
as  a  complete  rupture,  for  secondary  immobilization  even  for  a  prolonged  period  does 
not  appear  to  strengthen  it. 

The  stretched  or  torn  anterior  crucial  combined  with  a  tearing  of  the  internal 
semilunar  cartilage  appears  to  be  a  commoner  injurj'  than  is  generally  supposed.  The 
diagnosis  is  made  in  old-standing  knee-joint  injuries  by  the  combined  symptoms  : 
(a)  Locking  of  the  joint  ;  (b)  Rocking  or  slipping  of  the  joint,  combined  with  a  feeling  of 
insecurity.  As  will  be  seen  from  the  reports  of  Cases  1,  7,  8.  and  9,  periodic  lockings  took 
place.  There  was  marked  abduction  at  the  knee  in  semiflexion,  and  rotation  of  the  tibia 
externally,  and  to  a  lesser  extent  internally,  was  increased  ;  the  tibia  could  in  each  case  be 
brought  forward  on  the  femur  in  the  extended  position.  The  removal  of  the  cartilage 
cures  the  'locking,'  but  will,  if  anj-thing,  increase  the  rocking  and  slipping  of  the  tibia  on 
the  femur.  Case  4  is  a  good  example  of  this  point.  Here  the  strain  was  purely  a  lateral 
one  involving  the  inner  side  of  the  knee.  The  distal  attachment  of  the  deep  internal 
lateral  ligament  did  not  give  way,  but  brought  a  piece  of  the  articular  edge  of  the 
internal  tuberosity  of  the  tibia  with  it,  producing  a  rare  example  of  a  sprain-fracture 
of  the  deep  internal  lateral  ligament.  The  internal  semilunar  cartilage  was  obviously 
displaced  in  toto  ;  this  is  well  seen  in  the  photograph  of  the  specimen  (Fig.  158).  All  strain 
was  now  borne  by  the  anterior  crucial,  which  became  stretched.  After  the  loose  bone 
and  the  attached  semilunar  were  removed,  the  general  laxity  of  the  joint  increased,  as 
wiU  be  seen  in  Figs.  159,  160, 

TREATMENT. 

Generally  speaking,  the  immediate  treatment  of  injuries  to  crucial  ligaments  should 
be  conservative  rather  than  operative.  Recent  injuries  to  the  joint  that  show  abnormal 
mobility  should  be  A'-rayed  as  a  routine.  This  will  eliminate  avulsion  of  the  tibial 
spine.  ^Miere  there  is  rupture  of  both  crucials  due  to  lateral  or  posterior  dislocation  of 
the  knee,  the  limb  should  be  immobilized  with  the  knee  flexed  to  20  degrees  for  at  least 
three  months,  but  faradism  to  the  quadriceps  and  general  massage  with  movements  of 
the  patella  should  be  practised  daily.  Good  results  have  been  reported  by  many  observers 
from  treatment  by  prolonged  fixation  of  the  joint.  Should  there  be,  as  sometimes  happens, 
a  paralysis  of  one  or  both  of  the  popliteal  nerves  due  to  stretching,  postural  and  electrical 
treatment  for  the  nerve  injurj-  must  also  be  undertaken.  Where  there  is  a  recent  avulsion 
of  the  tibial  spine,  despite  the  adx-ice  of  Hogarth  Pringle,  I  think  it  is  wise  to  trj-  the  effect 
of  immobilization  of  the  knee  in  the  fully  extended  position  for  twelve  weeks,  combined 
with  the  massage  and  faradism  as  mentioned  above,  rather  than  to  treat  the  case  by 
primary-  operation  and  fixation  of  the  detached  ligament  and  its  bony  insertion.  In  cases 
of  old  standing,  however,  operative  measures  are  indicated. 

Prolonged  immobilization  can  be  carried  out  equally  well  by  means  of  splint  or  plaster 
of  Paris.  The  former  is,  I  think,  preferable,  in  that  massage  can  lie  carried  out  more  fully 
in  the  early  stages  when  the  patient  is  confined  to  bed.  After  three  or  four  weeks  the 
long  skeleton  splint  can  be  substituted  by  a  Thomas  calliper,  which  will  enable  the  patient 
to  get  about  with  comfort. 
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Secondary  wasting  of  the  quadriceps,  especially  the  vastus  internus,  will  not  be  so 
pronounced  and  will  not  require  such  prolonged  after-treatment  to  restore  this  nuisculature 
to  its  previous  tone  if  massage  and  faradism  are  instituted  at  once. 

The  after-treatment  of  anterior  crucial  injuries  can  generally  be  undertaken  by  means 
of  appliances.  In  the  ordinary  course  of  events  a  Marsh  cage  splint  will  pervent  the  abnor- 
mal mobility  that  is  present  when  one  or  other  of  the  crucial  ligaments  has  been  rui)tured 
or  stretched.  This,  of  course,  means  that  the  appliance  will  require  to  be  worn  for  an 
indefinite  period.  In  conjunction  with  the  cage  splint,  a  Japanese  crepe  bandage  wound 
around  the  knee  will  often  be  beneficial  as  an  additional  security.  In  anterior  crucial 
cases  the  boot  should  be  raised  both  sole  and  heel  on  the  inner  side,  to  throw  the  strain 
against  the  external  lateral  ligament  and  prevent  any  tendency  to  abduction  at  the  knee 
or  rotation  outwards  of  the  tibia  on  the  femur.  The  'rocking'  knee  that  has  been 
operated  upon  for  a  loose  internal  semilunar  cartilage,  and  whose  symptoms  are  now 
those  of  a  lax  anterior  crucial  ligament,  may  be  dealt  with  in  this  way  if  no  operation 
is  desired.  This,  however,  is  the  type  of  crucial  ligament  injury  that  it  is  advisable  to 
help  by  operative  means,  as  the  thought  of  always  wearing  a  mechanical  support  is 
repugnant  to  many  young  men,  and  the  inability  to  take  part  in  games  and  athletics  is 
a  prime  factor  in  the  desire  for  radical  treatment.  It  was  in  cases  of  this  description  that 
in  1916  I  attempted  plication  in  one  case  and  the  insertion  of  a  silk  ligament  in  another. 
Both  these  operations  failed  somewhat  ignominiously.  However,  I  intended  to  substitute 
an  intra-articular  tendon  fixation  should  another  case  present  itself.  My  idea  was  to 
utilize  the  biceps  by  threading  it  from  fenmr  to  tibia  in  the  course  of  the  anterior  crucial 
ligament,  or  to  use  the  semitendinosus  by  dividing  it  in  the  thigh  and  then  threading  the 
distal  end  from  tibia  to  femur,  fixing  the  upper  free  end  at  the  upper  and  outer  side  of  the 
femur.  However,  before  these  ideas  could  be  tried  out.  Hey  Groves  brought  out  his  fascial 
ligament  operation,  which  is  undoubtedly  a  great  advance  on  anything  that  has  been  done 
before.  It  is  early  yet  to  speak  of  after-results ;  but  so  far  as  my  own  four  cases  are 
concerned,  the  results  of  the  operation,  somewhat  modified  from  that  described  by  Hey 
Groves,  justify  continuance  of  the  procedure  in  certain  selected  cases. 

Operative  Treatment  of  Anterior  Crucial  Injuries.— The  following  operations  have 
been  done  at  varying  times,  apart  from  those  of  immediate  suture  of  the  ligaments  as 
mentioned  before  :  (1)  Plication  ;  (2)  Reefing  (Corner)  ;  (3)  Wire  loops  (Corner)  ;  {4)  Silk 
ligament  substitution  ;    (5)  Fascial  substitution  (Hey  Groves). 

1.  My  experience  in  plication  of  a  stretched  anterior  crucial  ligament  is  limited  to  one 
case  (Case  1),  and  the  result  did  not  justify  a  repetition  of  the  operation.  As  will  be  seen 
from  the  report,  the  ligament  was  found  at  the  operation  to  be  thinned  and  markedly 
lengthened,  so  much  so  that  with  a  blunt  hook  one  was  enabled  to  bring  the  ligament 
forwards  to  a  considerable  extent  with  the  knee  in  flexion.  The  ligament  was  split  longi- 
tudinally, and  each  lateral  half  was  pulled  outwards,  thus  making  the  ligament  diamond- 
shaped.  This  diamond  was  stitched  with  chromic  catgut  into  the  shape  of  a  Maltese 
cross,  in  the  same  manner  as  one  frequently  shortens  a  tendon. 

The  result  at  the  time  appeared  satisfactory,  and  the  knee  became  appreciably  more 
stable.  After  prolonged  immobilization  the  clinical  result  was  very  unsatisfactory,  the 
weakness  of  the  leg  being  as  apparent  as  it  was  before  the  operation  was  performed.  The 
lack  of  control  was  so  marked  that,  despite  the  use  of  a  cage  splint,  the  patient  asked  that 
an  arthrodesis  of  the  knee  should  be  done.  This  operation  was  performed  four  months 
after  the  one  referred  to  for  the  shortening  of  the  ligament,  and  it  was  interesting  to 
remark  the  changes  that  had  taken  place  in  this  structure.  The  ligament  appeared 
shorter  than  at  the  previous  operation,  but  its  consistency  was  soft  and  jelly-like,  akin 
to  myxomatous  degeneration  ;  on  putting  a  blunt  hook  behind  the  ligament  and  pulling 
on  it  the  ligament  readily  tore  in  half. 

2.  Edred  Comer  devised  a  reefing  operation  in  which  he  took  up  the  slack  of  the  liga- 
ment by  means  of  a  non-absorbable  suture  which  was  passed  round  the  ligament  and  fixed 
through  holes  drilled  in  the  condyle  of  the  femur.  This  operation  seems  to  give  little 
chance  of  permanent  improvement,  as  the  atrophic  ligament  is  too  weak  to  maintain  the 
stability  of  the  joint 
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3.  Comer  also  described  an  operation  for  the  replacement  of  an  anterior  crucial 
ligament  by  means  of  two  loops  of  wire,  one  of  which  is  fixed  through  the  external 
condyle  of  the  femur,  and  the  other  through  the  internal  tuberosity  of  the  tibia.  The 
utility  of  this  operation  appears  to  be  xery  limited,  as  one  feels  that  the  result  would  be,  to 
say  the  least,  ver\-  transitor\',  on  account  of  rarefying  osteitis  around  the  wire. 

4.  Another  case  of  anterior  crjicial  rupture  came  under  my  care,  and  the  use  of 
the  cage  splint  was  found  to  be  insufficient.  The  question  of  suture  of  the  ligament  or 
arthrodesis  of  the  knee  was  discussed  with  the  patient,  who  preferred  the  chances  of 
the  former  operation.  As  will  be  seen  by  the  case  history,  the  ligament  was  found  to  be 
torn  from  its  tibial  attachment,  and  its  condition  was  such  that  the  whole  of  it  came 
away  with  gentle  traction  by  forceps.     The  degenerated  ligament  was  verj'  soft  and  friable. 

The  idea  of  a  silk  ligament  presented  itself,  and  the  principles  underlying  Lange's 
work  on  tendons  seemed  to  hold  good.  The  external  femoral  condyle  was  drilled,  as  was 
the  tibial  tuberosity,  in  the  manner  devised  by  Comer.  Eight  ply  of  silk  were  pulled  through 
the  channels  thus  made,  and  the  new  ligament  was  fastened  at  its  upper  and  outer  aspect 
by  a  wire  keeper  which  was  hammered  into  the  bone.  The  flexed  tibia  was  pushed  back- 
wards on  the  femur  as  far  as  possible,  and  the  silk  was  knotted  and  stitched  to  the 
periosteum  on  the  antero-intemal  surface  of  the  tibia,  and,  to  make  doubly  certain,  was 
also  stitched  to  the  infrapatellar  tendon.  After  the  wound  was  stitched  up,  the  stability 
of  the  knee-joint  appeared  to  be  normal. 

The  progress  of  the  case  was  uneventful  for  fourteen  days,  but  the  joint  was  immo- 
bilized for  eight  weeks.  A  certain  amount  of  synovitis  persisted,  but  when  passive 
movements  were  begun  about  the  tenth  week  the  synovitis  was  more  noticeable.  About 
the  eleventh  week  a  small  sinus  appeared  at  the  lower  end  of  the  wound,  and  the 
temperature  became  elevated.  The  knee-joint  was  freely  opened  for  the  purpose  of 
producing  drainage  and  subsequent  ankylosis.  The  whole  joint  was  extremely  congested, 
the  inflammation  being  not  only  in  the  synovial  membrane  (including  the  fat  pads),  but 
in  addition  the  cartilage  was  decidedly  pink  and  non-articular  portions  of  the  joint  were 
tremendously  injected.  All  the  tissues  to  which  the  silk  had  been  tied  were  friable, 
and  the  same  condition  was  noted  as  in  the  previous  case — to  wit,  the  myxoma-like 
appearance  of  the  tissues.  The  arthritis  was  evidently  due  to  the  silk  acting  as  a 
foreign   body. 

After  the  lack  of  success  of  the  silk  ligament  scheme,  it  was  resolved  that  should 
another  case  present  itself  which  could  not  be  satisfactorily  treated  by  conservative 
measures,  we  should  use  the  tendon  of  the  biceps,  in  whole  or  in  part,  or  the  semitendin- 
osus,  to  make  a  new  anterior  crucial  ligament. 

5.  No  case,  however,  appeared  until  Hey  Groves  brought  out  his  operation  of  substi- 
tuting a  strip  of  fascia  lata  for  the  crucial  ligament.  This  operation  was  described  in  the 
Lancet,  1917,  Nov.  3.  p.  674,  and  appears  to  be  a  great  advance  on  anv'thing  that  has  been 
done  before.  From  the  clinical  standp>oint,  I  think  the  operation  is  incomplete,  in  that 
it  does  not  attempt  to  strengthen  in  any  way  the  internal  lateral  ligament,  so  that  the 
new  fascial  strip  has  to  bear  the  entire  strain  of  abduction  of  the  knee  as  well  as  of 
anterior  sliding  and  internal  rotation  of  the  tibia  on  the  femur.  It  seemed  advisable  to 
attempt  to  reconstruct  the  deep  fibres  of  the  internal  lateral  ligament  in  some  way, 
and  the  autogenous  transplant  of  fascia  lata  was  the  first  idea  that  presented  itself. 

I  reconstructed  an  external  lateral  ligament  of  the  ankle-joint  in  an  extremely  bad 
old-standing  case  of  sprained  ankle  that  had  required  the  use  of  an  appliance.  The  result 
was  very  satisfactory'.  I  then  tried  the  same  experiment  in  a  case  of  extreme  lateral 
mobility  of  the  knee  due  to  a  bullet  wound  of  the  knee-joint,  of  sixteen  months'  standing 
{Case  6).  In  addition,  I  divided  the  sartorius  four  inches  above  its  insertion  and  brought 
the  free  distal  end  beneath  the  periosteum  in  the  region  of  the  adductor  tubercle.  The 
result  of  this  case  was  also  verv'  gratifying.  The  first  of  a  series  of  four  anterior  crucial 
reconstructions  had.  in  addition,  a  sartorius  fixation,  but  no  fascial  transplant.  It  then 
became  apparent  that  the  operation  could  be  much  simplified,  and  that  the  same  strip 
of  fascia  lata  could  be  made  to  take  the  place  not  only  of  the  anterior  crucial  ligament, 
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but  also  of  the  internal   lateral  ligament.     The  oj)eration  has  been  performed  on  three 
eases,  and  is  carried  out  as  follows  : — 

The  field  of  operation  includes  the  region  of  the  knee  and 
the  full  length  of  the  thigh.  A  tourniquet  is  applied  at  as  high 
a  level  as  possible  on  the  thigh,  the  knee  is  flexed  to  60  degrees, 
and  a  J -shaped  incision  is  made  as  for  an  excision  of  the  knee, 
the  inner  limb  being  about  six  inches  in  length,  and  the  trans- 
verse portion  of  the  wound  passing  across  the  tubercle  of  the 
tibia  ;  the  outer  limb  of  the  incision  must  be  at  least  twelve 
inches  in  length.  The  incision  passes  through  the  skin  and 
fascia  only.  The  flap  is  now  dissected  upwards  over  the  patella  ; 
all  the  skin  edges  are  covered  in  and  clipped  with  wound  towels. 
The  patella  is  divided  vertically,  and  the  two  halves  are  separated. 
The  anterior  crucial  ligament,  covered  by  synovial  membrane,  is 
examined.  The  upper  level  of  the  suprapatellar  pouch  is  now 
noted,  as  it  is  advisable  that  the  fascial  strip  should  pass  through 
the  femur  at  a  slightly  higher  level  to  avoid  any  unnecessary 
intra-articular  disturbances.  A  long  drill  with  a  diameter  of  ^  in. 
is  now  bored  through  the  internal  surface  of  the  external  condyle 
at  the  site  of  the  upper  attachment  of  the  anterior  crucial  liga- 
ment. The  drill-hole  must  pass  upwards  and  outwards,  and 
should  emerge  through  the  shaft  of  the 
femur  externally  at  the  upper  level  of 
the  suprapatellar  pouch.  The  internal 
tuberosity  of  the  tibia  is  now  drilled  in 
the  same  way,  beginning  slightly  anterior 
to  the  insertion  of  the  sartorius,  pass- 
ing upwards,  backwards,  and  slightly 
outwards,  and  emerging  on  the  superior 
articular  surface  of  the  tibia  just  ante- 
rior to  the  internal  tubercle  of  the  tibial  spine.    A  strip  of  fascia 

lata    14    in.     wide     is 

now  cut.     This  strip  is 

attached  at  its  bottom 

end,  and  in  the  ordin- 
ary   course    of   events 

should  be  between  9^ 

and    10  in.    in    length 

{Fig.  155). 

The     two     lateral 

incisions  in   the   fascia 

are     joined     at     their 

upper    end,    and    the 

new  fascial  ligament  is 

stripped        downwards 

from      the      subjacent 

muscle.     A    long   flex- 
ible probe  with  an  eye 

large    enough   to   take 

the      fascial      strip     is 

now  pushed,  eye  first, 

through  the  tibial  drill- 
hole into  the  knee,  and 

upwards    through    the 
femoral  drill-hole   until  it  emerges  on  the  outer  side  of  the  femur.     The  free  end  of  the 


Fio.  155. — Diasrram  to 
show  location  and  !?ize  of 
fascial  strip. 


-Drill,  ll«-.\il.l<-  ^.r>,\•^'.  hihI  -i, 
ased  in  the  operation. 


.wl.-, 


I-'If5.  157. — DiaKram  to 
illustrate  course  of  new 
anterior    crucial    ligament. 
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fascial  ligament  is  now  threaded,  and  the  probe  is  withdrawn,  bringing  the  fascial  ligament 
with  it.  As  much  tension  as  thought  fit  can  now  be  applied  to  the  new  ligament,  and 
the  tibia  is  forced  backwards  on  the  femur  as  far  as  possible. 

A  channel  from  before  backwards  in  the  inner  condyle  of  the  femur  about  the 
adductor  tubercle  is  now  drilled.  This  cannot  be  easily  done  with  a  straight  drill  or 
bradawl,  but  is  ver\-  simply  made  with  the  largest  size  shoemaker's  awl,  which  makes 
a  cur\ed  channel  {Fig.  1 56).  This  can  be  enlarged  to  the  requisite  size.  The  free  end 
of  the  fascial  strip  is  then  threaded  through  this  channel  from  before  backwards  and 
pulled  as  tight  as  possible,  both  in  its  anterior  crucial  portion  and  also  in  the  internal 
lateral  part  of  its  course,  and  is  stitched  to  the  periosteum  around  the  tibial  orifice,  and 
also  to  itself  after  it  has  passed  through  the  adductor  drill-hole.  Strong  chromic  catgut 
is  the  suture  material  of  choice.  The  fascial  ligament  appears  to  curl  on  itself  as  it 
passes  through  the  bone,  and  makes  a  ligament  about  the  thickness  of  a  slate  pencil 
{Fig.  157).  As  Hey  Groves  points  out,  the  tension  of  the  attached  portion  of  the  strip 
is  from  below  upwards,  and  consequently  strengthens  the  external  lateral  ligament.  The 
two  halves  of  the  patella  are  brought  together,  the  leg  is  carried  to  a  position  of  20 
degrees  of  flexion  at  the  knee-joint,  the  tourniquet  is  removed,  the  haemorrhage  stopped, 
and  the  patella  stitched  together  by  three  or  four  chromic-catgut  sutures  through  the 
aponeurosis.  A  small  cigarette  drain  is  placed  between  the  two  halves  of  the  infrapatellar 
fat  pad,  but  not  extending  into  the  joint  ca^^ty.  The  skin  edges  are  approximated  by 
Michel's  clips. 

The  leg  is  put  up  on  a  Thomas  skeleton  splint  with  a  foot-piece,  in  a  position  of  20 
d^rees  of  knee  flexion.  The  drain  is  removed  in  forty-eight  hours.  A  certain  amount  of 
oozing  continues  until  the  third  day,  so  a  second  dressing  should  be  undertaken  on  the 
fourth  day.  At  the  end  of  a  fortnight  a  cast  is  applied,  still  with  the  knee  slightly  bent. 
At  the  end  of  four  weeks  massage  and  faradism  to  the  quadriceps  begin,  and  gentle  active 
movement  is  permitted  ;    a  support,  however,  should  be  worn  for  another  fortnight. 

Hey  Groves  has  suggested  the  use  of  the  semitendinosus  tendon  for  the  replacement 
of  the  posterior  crucial  ligament.  It  is  carried  out  in  the  same  way  as  his  operation  for 
anterior  crucial  substitution,  the  course  of  the  posterior  crucial  ligament  being  followed 
by  drill-holes.  This  operation  is  of  greater  difficulty  than  the  one  described  above.  On 
account  of  the  rarity  of  posterior  crucial  injuries,  this  operation  will  have  a  limited  field. 

The  surgerj-  of  the  crucial  ligaments  is  an  interesting  problem  ;  it  should,  however,  be 
reserved  for  selected  cases,  though  the  operation  described  appears  to  produce  no  more 
trauma  in  the  knee-joint  than  the  usual  transpatellar  operation. 

SHORT  NOTES  OF  NINE  CASES. 

Case  1. — Stretched  anterior  crucial  ligament  treated  by  plication. 

Pie.  G.  Historj-  of  having  slipi>e{l  and  fallen  while  in  trenches.  March,  1915,  The  left  knee 
was  twisted.  Xot  much  pain  till  next  morning,  when  knee  was  much  swollen.  Reported  sick 
two  days  later,  but  kept  on  duty.  Knee  became  worse,  and  locked  on  several  occasions;  these 
were  accompanied  by  swelling.  Was  forced  to  fall  out  on  route  march  on  account  of  locking,  pain, 
and  swelling  about  April,  1915,  and  was  then  sent  down  the  line.  Ever  since  first  strain  in  March, 
patient  noticed  a  'looseness'  about  the  knee.  Operation  for  removal  of  internal  stmilimar 
cartilage  in  a  general  hospital  in  England,  May  17,  No  more  locking  of  knee  followed  operation  ; 
otherwise  there  was  no  improvement,  and  great  insecurity  was  felt  in  the  joint. 

On  admission,  Nov,  17. — Complained  of  leg  always  rotating  externally  when  putting  any  weight 
on  heel.  Left  knee  shows  marked  extraneous  mobility  and  hj-perextension.  Rotation  of  tibia 
outwards  and  inwards  on  femur  increased.  Old  scar  of  previous  operation  on  medial  side  of 
knee-joint.     X  ray  normal. 

Treated  by  altered  boot,  flannel  bandage,  and  calliper  splint,  with  massage  and  faradism  to 
quadriceps  for  four  months :  no  improvement.  Cage  splint  was  tried,  but  found  quite  inefficient, 
as  the  foot  rotated  externally  at  everj-  step. 

Operation,  April  6.  1916, — Split-patellar  arthrotcmy  through  U  incision.  Anterior  crucial 
ligament  exposed  and  found  to  be  ver\-  much  thinned  and  stretched.  The  ligament  was  split 
vertically  and  plicated,  the  lateral  halves  being  pulled  outwards  and  the  sides  of  the  diamond 
thus  formed  stitched  together  in  the  shape  of  a  cross.  This  procedure  stabilized  the  knee-joint  in 
antero-posterior  mobility  considerably.     Convalescence,  uneventful. 
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After  two  months'  iinniobilization  joint  was  as  luistable  as  ever.  Patient  desired  an 
arthrodesis  of  tiie  knee,  which  was  done.  At  this  operation,  it  was  foinid  that  the  anterior  cnieial 
lijranient  was  very  soft,  friable,  and  swollen,  ajjpearinfi  to  the  naked  eye  almost  like  a  myxomatous 
de<reneration.  A  point  of  surjjieal  interest  was  that  the  articular  surface  of  the  i)atella  showed 
no  si*;ns  whatsoever  of  haviuf;  been  divided  at  the  previous  operation. 

Case  2. — Ruptured  anterior  icrucial  lierament  treated  by  insertion  of  a  silk  ligament. 

Cpl.  L.  Sprained  left  knee  while  in  trainin<j,  December,  1914.  After  goin<;  to  France  had 
much  knee  trouble,  the  knee  lockinjj  while  marching,  and  in  addition  there  was  unnatural  move- 
ment in  knee  with  feeling  of  insecurity  ;    as  time  went  on  this  became  more  marked. 

On  (t'linission ,  .June  13,  1916. — -Diantnosis  of  torn  anterior  crucial  ligament  made.  It  was 
decided  to  attempt  to  suture  the  ligament. 

Operation,  July  (i. — Split-patellar  arthrotomy  through  U-shaped  incision.  Anterior  crucial 
ligament  found  to  be  torn  from  its  tibial  attachment.  Free  end  of  ligament  was  picked  up  with 
forceps,  and  entire  ligament,  which  was  obviously  degenerated,  came  away  quite  readily.  Tibial 
end  of  ligament  found  to  be  only  I  in.  long,  and  this  too  was  soft  and  friable. 

It  was  resolved  to  make  an  intra-articular  silk  ligament.  A  drill-hole  was  made  from  the 
non-articular  outer  surface  of  external  condyle,  parallel  to  joint  and  opening  at  the  intercondyloid 
notch  in  region  of  the  femoral  attachment  of  anterior  crucial  ligament.  A  double  wire  was  thrust 
through  the  hole  from  without,  and  the  loop  made  to  present  in  intercondyloid  region.  Eight  ply  of 
No.  3  silk  now  brought  through  this  channel  by  means  of  the  wire  loop.  Upper  and  outer  end  of 
silk  knotted  to  a  loop  of  phospho-bronze  wire  which  acted  as  an  anchor,  and  this  was  hammered 
into  the  bone  so  as  not  to  protrude  into  joint.  It  was  found  impossible  to  stitch  the  silk  to  tibial 
end  of  the  ligament,  so  another  hole  was  drilled  in  an  upward  and  backward  direction  from  tubercle 
of  tibia,  the  drill  emerging  at  the  tibial  attachment  of  the  anterior  crucial  ligament.  By  means 
of  a  wire  loop  the  silk  strands  were  brought  out  through  this  hole  to  front  of  tibia.  The  silk 
was  pulled  as  tight  as  possible,  well  knotted,  and  also  stitched  through  infrapatellar  tendon. 
Woimd  was  closed  in  usual  way,  and  joint  found  to  be  quite  stable,  especially  in  antero-posterior 
movements  of  tibia  on  the  femur. 

Convalescence  imeventful  except  for  synovitis,  which  persisted,  and  when  movements  began 
after  seven  weeks  it  became  more  marked.  Ligament  operation  unsatisfactory,  as  a  sinus  appeared 
after  nine  weeks  which  necessitated  opening  up  the  knee-joint  and  producing  ankylosis. 

Case  3. — Avulsion  of  tibial  spine  of  six  months' standingr.  Removal  of  bone  obstruction. 
Anterior  crucial  implantation. 

See.  Lieut.  V.  The  patient  had  a  history  of  having  sustained  injury  to  left  knee  in  May, 
1917,  by  falling  into  a  shell  hole  with  the  leg  flexed  imderneath  him.  On  being  helped  out  knee 
was  absolutely  fixed,  and  he  could  neither  bend  nor  straighten  the  leg.  Pain  was  excruciating, 
and  marked  swelling  immediately  followed.  Was  sent  down  the  line,  remaining  at  a  CCS.  two 
days  without  any  treatment  ;  was  then  sent  to  a  base  hospital,  where  a  box  splint  was  applied  ; 
he  remained  there  two  days  and  was  then  sent  to  a  hospital  in  this  country.  Was  operated  on  for 
removal  of  internal  semilunar  cartilage  in  June.  A  posterior  splint  was  used  for  one  day  only 
following  the  operation.  Passive  movements  were  begim  in  a  fortnight.  There  was  very  little 
movement  at  this  time.  Massage  was  instituted  and  continued  for  six  weeks,  and  very  slight 
improvement  in  movement  resulted.  Was  now  sent  to  a  Command  Depot,  where  whirlpool 
baths  and  massage  improved  matters  somewhat.  After  four  months  40  degrees  of  movement 
was  present. 

On  admission ,  November. — Patient  could  Ilex  knee  to  4()  degrees.  Full  extension  was  limited 
by  2'i  degrees,  the  obstruction  appearing  osseous  rather  than  fibrous.  No  anterior  crucial  laxity 
could  be  elicited.  X  ray  showed  definite  fracture  of  inner  tubercle  of  spine  of  tibia,  with  new  bone 
formation. 

Operation,  Nov.  27. — .Joint  ex|)osed  through  .split-patellar  route.  All  excess  bone  on  anterior 
part  of  tibial  spine  chiselled  away.  Anterior  crucial  ligament  found  to  be  fully  separated  from 
tibia,  a  few  fragments  of  bone  remaining  attached  to  it.  Ligament  was  held  in  position  by  its 
synovial  covering,  but  a  few  of  its  most  external  fibres  were  found  attached  to  anterior  horn  of 
external  semilunar  cartilage.  Ligament  embedded  in  the  raw  area  of  bone  that  remained  after 
excess  callus  was  removed.  Knee  found  to  extend  fully,  and  after  woimd  was  closed  in  the  usual 
manner  the  whole  lower  extremity  was  immobilized.  Leg  was  kept  immobilized  in  the  extended 
position  for  twelve  weeks  to  make  sure  of  efficient  union  of  ligament  to  the  tibia.  Knee  now  lacks 
15  degrees  of  full  extension,  and  there  is  limitation  in  flexion,  but  this  is  improving.  There  is  no 
laxity  in  the  joint. 

Case  4. — Stretched  anterior  crucial  ligament,  w^ith  fracture  of  portion  of  internal 
tuberosity  of  tibia,  involving  deep   internal  lateral  ligament  and  semilunar  cartilage. 

Sec.  Lieut.  S.  Buried  by  a  high-expIo.sive  shell,  April  6,  1917.  Was  thrown  on  to  his  right 
side,  and  the  weight  of  the  earth  fell  on  outer  side  of  left  knee  with  the  leg  bent.  On  being  dug 
out  there  was  much  swelling  of  knee,  which  was  very  painful.  During  the  next  day  or  two  the 
entire  leg  swelled  and   became  discoloured  owing  to  generalized  bruising.     Was  sent  down   the 
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line.  At  Blackpool,  about  a  month  later,  treatment  by  massage  and  ionization  was  l>e«rim,  and 
continued  for  about  three  months,  but  synovitis  persisted,  though  he  could  get  about  with  knee 
rigid  by  aid  of  a  stick. 

On  (ulmission,  Sept.  15. — A'  ray  showed  a  loose 
piece  of  bone,  evidently  detached  from  articular 
margin  of  inner  tuberosity  of  tibia.  Constant  lock- 
ing of  the  joint  took  place  on  walking  on  uneven 
ground  or  taking  a  false  step.  Synovitis  followed 
each  derangement,  and  some  fluid  was  always  present 
in  the  joint.  On  examination,  there  was  preter- 
natural abduction  at  the  knee,  marked  increase  in 
rotation  outwards,  and  slight  increase  in  rotation 
inwartls  of  tibia  on  the  femur.  Synovitis  was 
present.  Knee  was  kept  at  rest  to  reduce  effusion 
preparatory  to  operation  for  removal  of  the  loose 
piece  of  bone. 

Operation.  — .\  curvilinear  incision  was  made 
over  inner  aspect  of  joint — longer  than  is  usually 
employed  for  removal  of  the  internal  cartilage.  On 
opening  the  joint  capsule,  fractured  surface  of  the 
loose  bone  presented  itself.  With  gentle  traction 
on  the  fragment  it  came  away  easily,  with  little 
dissection.     The  whole  of  the  internal  cartilage  was 

found  to  move  with  it.  .\  complete  circumferential  tear  of  the  cartilage  had  occurred,  and  the 
meniscus  was  attached  to  the  joint  at  its  anterior  and  posterior  horns  only.  These  attachments 
were  divided,  and  the  mass  with  attached  cartilage  was  removed.  The  specimen  {Fig.  158) 
shows  that  the  bony  mass  consists  of  a  thick  flake  of  bone,  mainly  superior  articular  surface  of 
tibia  ;  but  the  suspensory  ligament  attaching  it  to  the  semilunar  cartilage  is  intact.  It  is 
unfortunate  that  the  semilunar  had  to  l>e  divided  transversely  to  remove  the  anterior  horn.     As 

expected,   locking   of  the   joint  was  cured,  but 
'  rocking '  was  increased  {Figs.  159,  160). 


Fir..  158.— Caw  -1.  Specimen  removetl  from 
knee-joint.  A.  Sufterior  articular  surface  of  tibia. 
B.  Internal  semilunar  cartilase.  C,  SiL«i>ensory 
li<;ament. 


Figs.  1-59,  160. — Case  4.     After  operation,  showing  laxity  of  the  joint. 


The  use  of  a  cage  splint  combined  with  an  altered  shoe,  after  the  tone  of  the  quadriceps  was 
improved  by  massage  and  faradism,  brought  about  improvement,  and  patient  was  able  to  get  about 
with  comfort.     The  cage  splint  will  require  to  be  used  for  an  indefinite  length  of  time. 
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Case  5. — Genu  recui'vatum  due  to  malunited  fracture  of  both  bones  of  the  leg, 
causing  secondary  stretching  of  the  anterior  crucial  ligament  OAvlng  to  faulty  mechanism 
In  'walking. 

Cpl.  M.  Injury  received  December,  1916.  A  '  dud  '  trencli-mortar  shell  struck  his  left 
leg  on  outer  side.  There  was  fracture  of  tihi  i  ;it  jiiiicHon  of  middle  and  lower  third,  and  of  fibula 
at  two  points  5  inches  apart  ;  no  acute  i)ain  or  ->\vellin<';  in  knee  at  the  time  or  since.  Four 
unsuccessful  attempts  to  reduce  fracture,  and  finally  tibia  was  plated  at  end  of  .lamiaiy.  1917. 
A  fortnight  later  leg  was  put  in  plaster,  and  casts  were  continuously  worn  until  .May.  when  there 
were  still  no  signs  of  union.  Passive  congestion  and  massage  were  now  instituted,  and  (ontinucd 
until  August.  Plates  were  removed,  and  leg  was  reset  and  put  in  phistir  again  in  Scptt mix  i .  the 
tibia  being  concave  anteriorly. 

On  admission,  December,  1917. — It  was  found  that  union  had  taken  place  in  had  position. 
Tibia  markedly  concave  anteriorly.  There  was  a  certain  amount  of  valgoid  deformity  of  the  lower 
fragment,  which  was  internally  rotated  as  well.  The  tendo  Achillis  and  tibialis  |)ostieus  were  con- 
tracted, and  the  peronei  atrophic  and  weak,  the  foot  being  in  a  position  of  e(juino-eavo-varus.  A 
boot  and  appliance  were  ordered,  to  throw  foot  into  valgus  position,  the  peronei  were  massaged 
and  faradized,  and  patient  was  instructed  to  walk.  A  month  later  there  was  marked  laxity  of 
the  anterior  crucial.  The  tibia  could  be  brought  forwards  on  the  femur,  and  rotation  inwards  was 
markedly  increased. 

Operation,  April  12,  1918. — An  osteotomy  just  above  old  site  of  fracture  was  performed, 
together  with  lengthening  of  shortened    tendo  Achillis  and  tibialis  posticus. 

Union  in  good  position  has  occurred.     Patient  at  present  walking  with  a  cage  splint. 

Case  6. — Gunshot  -wound  of  suprapatellar  pouch  followed  by  marked  lateral  liga- 
ment laxity  treated  by  autogenous  transplant  of  fascia  lata  to  reconstruct  the  internal 
lateral  ligament. 

Lieut.  P.  Wounded  September,  1916.  Bullet  entered  anterior  aspect  of  knee-joint  in  supra- 
patellar region  and  lodged  in  joint.  Wound  dressed  seven  hours  after.  Sepsis  followed,  and 
temperature  reached  104°.  Knee-joint  aspirated  three  days  after  infliction  of  wound.  Four  days 
later,  operation  to  remove  the  bullet,  which  was  not  found.  Two  days  later  another  attempt  was 
made  which  was  successful — tube  drainage  for  forty-eight  hours  followed.  Dressed  daily  for  two 
weeks  and  was  then  transferred  to  Malta.  Here  the  joint  was  aspirated  under  general  ana"sthesia. 
Extension  by  means  of  a  Balkan  splint  applied.  After  five  weeks,  transferred  to  F^ngland  wearing 
posterior  splint.  Voyage  lasted  three  weeks,  during  which  time  he  wore  a  back  splint  and  had 
daily  massage.  Between  December,  1916,  and  May,  1917,  was  treated  in  two  hospitals  in  this 
country  by  ionization,  counter-irritation,  and  massage.  Transferred  to  Command  Depot  in  May, 
where  massage  was  continued,  but  in  addition  whirlpool  baths  and  forcible  flexion  were  instituted. 
Improvement  in  movement  noticed. 

On  atlmission,  November,  1917. — All  wounds  healed — scars  on  both  lateral  and  medial 
aspects  of  knee,  which  is  swollen  and  w^eak.  Extension  full,  flexion  to  90  degrees,  marked 
lateral  mobility  of  joint,  no  crucial  involvement.  Massage  and  movements  continued  for  two 
months,  with  altered  shoe  to  relieve  strain  on  internal  lateral  ligament.  No  improvement  in 
lateral  mobility. 

Operation,  Jan.  29,  1918. — Horseshoe  incision  on  inner  aspect  of  knee-joint.  Internal  lateral 
ligament  exposed.  Sartorius  divided  at  upper  margin  of  wound,  and  upper  end  of  lower 
portion  stitched  to  periosteum  of  internal  condyle,  being  tightened  as  much  as  possible  in  the 
process.  A  strip  of  fascia  lata  3  in.  by  IJ  in.  taken  from  outer  side  of  thigh  was  sutured  to 
inner  portion  of  joint  superficially  to  the  sartorius  tendon,  and  stitched  above  and  below  to 
periosteum  of  femur  and  tibia  respectively.  Wound  closed  without  drainage.  Leg  immobilized 
for  four  weeks. 

After  eight  weeks  the  lateral  mobility  was  markedly  improved^ — the  new  ligament  appearing 
quite  firm.  Knee  was  still  painful  if  a  mis-step  was  taken,  but  patient  could  walk  well,  and 
derived  great  benefit  from  the  operation.     Sent  to  duty  at  home. 

Case  7.— ^Anterior  crucial  laxity  with  tearing  of  the  Internal  semilunar  cartilage. 
Treated  by  fascial  ligament  and  sartorius  fixation. 

Lieut.  C.  Injured  right  knee  by  falling  into  a  trench,  February-,  1917.  Was  at  once  removed 
to  a  dressing  station,  where  it  was  foimd  he  could  neither  flex  nor  extend  the  leg,  nor  allow 
it  to  be  manipulated  on  accoimt  of  the  extreme  pain.  Marked  swelling  in  knee  from  onset  of 
injury.  Leg  was  fully  extended  and  fixed  in  a  back  splint,  and  he  was  sent  down  the  line 
and  arrived  in  tingland  a  few  days  later.  Remained  in  a  London  hospital  three  weeks,  and  was 
then  sent  to  a  convalescent  home.  Here  he  was  given  massage,  which  produced  pain,  and  swelling 
in  joint,  .\fter  a  month's  treatment  he  v/as  boarded  and  marked  for  G.S.  in  one  month.  While 
home  on  leave,  knee  began  slipping,  as  he  was  walking  more  than  he  had  hitherto  been  able.  A 
definite  locking  followed  a  mis-step,  and  the  leg  '  let  him  down.'  Following  this  locking,  all  the 
old  symptoms  returned.  He  reported  at  the  nearest  military  hospital,  where  he  was  admitted 
and  put  to  bed,  with  counter-irritation  to  reduce  the  synovitis.  After  six  weeks  was  trans- 
ferred to  special  hospital  where  the  internal  semilunar  cartilage  was  removed.  Two  months' 
after-treatment,  during  which  time  no  further  lockings  occurred,  but  knee  was  more  unstable 
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ims.    ICl,    1C2. — Case    7.     Jriiowm^-   anteroposterior   '  rockiiiu: '    movement   of   tibia   ou    ieuiur. 


Figs.  163,  164. — Cate  1.    Showing  increase  in  inward  and  outwarj  rotation  of  tibia. 
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than  before  the  operation,  and  appeared  to  continue  slipping,  although  this  was  not  painful 
as  before. 

On  ailmlssion  July,  1917.^ — ^Knee-joint  was  very  mobile  and  at  will  the  tibia  could  be 
pushed  forwards  on  the  femur,  causing  a  definite  slip  or  'rocking'  movement  (Figs.  161,  1()2).  Rota- 
tion inwards  increased,  rotation  outwards  markedly  increased  (Figs.  163,  Ui4).  Treatment  by 
internal  crooking  of  sole  and  heel  and  a  cage  splint  instituted,  combined  with  massage  and  faradism 
of  quadriceps.  No  improvement  followed,  and  joint  continued  to  display  the  most  alarming 
mobility  as  regards  lateral  and  anterior  movement  combined  with  rotation  in  both  directions  of 
tibia  on  femur.  Patient  was  very  dissatisfied  with  his  condition,  and  readily  agreed  to  operative 
interference. 

Operation,  Febniary,  1918. — Usual  U  incision  and  split-patellar  route.  Sartorius  was  divided 
above  level  of  imier  condyle  and  the  upper  end  of  lower  portion  was  stitched  to  periosteum  about 
the  adductor  tubercle.  Anterior  crucial  ligament  was  thinned  and  atrophic.  Fascial  ligament 
constructed. 

After-result :  Lateral  mobility  not  niuch  improved.  Antero-posterior  mobility  greatly 
improved,  and  since  the  tenacity  of  quadriceps  is  increasing  by  massage  and  exercises  the 
improvement  becomes  more  obvious.  The  sartorius  fixation  is  the  weak  point  of  this  opera- 
tion (Figs.  105,  166). 


Kl<;«.  105,  IC;;.— Ca«'  7.     After  ojic-ratioii  for  coiiKtrurtion  of  new  ftiscial  liRament. 


Case  8.— Torn  anterior  crucial  and  loose  internal  semilunar  cartilage.  Treated  tey 
fascial   llerament.     Standardized  operation. 

Pensioner  L.  Historv  of  having  been  buried  in  the  trenches  by  high-explosive  shell,  December, 
1914.     A  shell  burst  on  the  parapet,  buried  him  with  his  right  knee  doubled  under  him— he  thmks 
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in  full  flexion  with  rotation  inwards  of  tibia  on  femur.     Knee-joint  was  loeked.  very  swollen  and 

painful,  almost  at  once.     Taken  to  advanced  dressing  station,  where  leg  was  manipulated  and 

extemled,  which  caused  much  pain.     Arrived  in 

England  three  days    after,  and    was  in    hospital 

until  March,  1915.     Xo  treatment  given  for  knee 

condition,    but    other    wounds    (shell    wounds   of 

left  hand)  were  healed  and  have  since  caused  no 

disability.      Sent  to  Command   Depot   in  March, 

and    became    Instructor    until    February,    1910, 

when  he   was  discharged  from  army  on  account 

of  numerous  "  lockings'  of  knee-joint  and  general 

instability  of  the  knee. 

On  admission,  March  8,  1918,  as  a  pensioner. 
— General  complaint  is  of  weakness  of  right  knee 
that  has  prevented  him  from  doing  any  work, 
though  he  has  tried  several  times.  Knee  has 
locked  innumerable  times — this  can  always  be 
reduced  by  the  patient.  In  addition,  knee-joint 
appears  '  wobbly,'  'the  Ijones  slipping  and  rubbing 
on  one  another'  as  the  patient  puts  it.  On 
walking,  there  is  dull  aching  pain  in  the  internal 
and  posterior  aspects  of  joint.  Can  flex  and  ex- 
tend to  normal.  There  is  slight  lateral  mobility 
when  joint  is  fully  extended,  but  very  marked 
when  joint  is  flexed  to  20  degrees.  Tibia  can 
be  brought  forwards  on  the  femur  appreciably, 
especially  with  knee  in  semiflexion. 

Operation,  March  19. — Usual  anterior  crucial 
and  internal  lateral  fascial  substitution.  Internal 
semilunar  cartilage  was  found  circumferentially 
torn,  and  was  removed.  Anterior  crucial  liga- 
ment apparently  non-existent,  being  markedly 
atrophied. 

Cast  removed  April  22.  Knee  decidedly 
firmer   in    lateral    mobility,   and    antero-posterior 

mobility  has  disap|>eared.      There   was   30  degrees   of  voluntary   flexion   at  once,   and   patient 
walked  across  ward  without  appreciable  limp  and  without  pain  (Fig.  167). 

This  pensioner  now  has  a  full  range  of  movtment.     There  is  no  preternatural  mobility  of 
the  joint.     Walks  well  without  limp. 


Fk;.  ISl.^Canf  8.  Jlfter  operation  for  construc- 
tion of  new  crucial  ligament.  Showing  stability  and 
weiL'ht-bearing  capacity  of  the  joint  with  a  partly 
flexe<l  knee. 


Case  9. — Stretched  anterior  crucial  -with  cartilage  trouble.  Treated  by  fascial  liga- 
ment.   Standardized  operation. 

Cpl.  P.  On  Dec.  10,  1917,  at  a  training  camp,  while  running,  he  slipped  on  the  ground 
and  fell  with  his  leg  doubled  up  and  rotated  outwards.  About  ten  minutes  later  he  straight- 
ened his  leg  out,  but  felt  something  slip  in  the  joint.  Was  able  to  limp  back  to  hut.  Joint 
became  swollen  immediately,  and  locked  again  as  soon  as  he  returned  to  the  hut,  and  again  that 
night  while  in  bed.  At  this  time  some  one  had  to  straighten  his  leg,  as  he  could  not  do  it  himself. 
After  each  locking  there  was  an  increase  in  swelling.  After  twelve  days'  treatment  by  rest  and 
lotions  in  the  lines,  was  transferred  to  a  military  hospital.  During  this  interval  he  had  about 
fifteen  lockings.  At  hospital,  treatment  by  a  back  splint  was  continued  until  Jan.  15,  1918. 
Splint  was  now  removed  and  he  was  allowed  to  get  about.  On  Jan.  22  the  leg  locked  again.  He 
was  ordered  to  bed,  dressings  were  applied  (no  splint),  and  he  remained  there  until  end  of 
February,  when  he  was  allowed  up  wearing  elastic  bandage.  .  Had  one  locking  between  this  and 
March  15,  when  he  was  transferred. 

On  admission,  March  15. — Elastic  bandage  on  knee.  Pain  and  tenderness  around  joint — 
unable  to  flex  leg  beyond  a  right-angle  without  considerable  pain.  Much  lateral  mobility  and 
external  rotation  of  leg.  Tibia  can  be  moved  forwards  on  femur,  suggestive  of  a  stretched 
anterior  crucial. 

Opera'ion,  March  22. — Usual  crucial  and  internal  lateral  ligament  operation,  with  removal 
of  internal  semilunar  cartilage,  which  was  found  torn  circumferentially.  Immobilization  for  five 
weeks,  after  which  movements  were  begun.     Is  now  walking  well. 
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AFFECTIONS     OF    THE    LARGE     JOINTS     DUE     TO     GUNSHOT 
WOUNDS:    THEIR    LATE    RESULTS    AND    TREATMENT. 

By    S.    W.    daw,   Lkeds. 

Interference  with  the  functions  of  joints  by  gunshot  wounds  may  be  manifested  in 
several  ways.  Among  the  most  important  are  :  (1)  Limitation  or  absence  of  range  of 
movement ;  (2)  Undue  mobility  ;  (3)  Alterations  of  the  axis  of  movement.  The  disabilities 
connected  with  reduction  of  power  to  move  an  otherwise  healthy  joint  belong  chiefly 
to  the  realm  of  muscle  and  nerve  surgery,  and  are  outside  the  scope  of  this  article. 

1.  Limitation  or  Absence  of  Normal  Range  of  Movement. — The  factors  to  be  con- 
sidered are,  first,  the  immediate  effects  of  the  wound  ;  and  secondly,  the  subsequent 
effects  from  suppuration  and  adhesions. 

o.  The  missile  may  enter  or  pass  through  the  joint,  smashing  or  injuring  the  arti- 
cular surfaces,  or  may  without  immediate  damage  set  up  a  process  of  suppuration 
leading  to  a  secondary  destruction  of  the  articular  cartilage. 

b.  There  may  be  a  partial  or  complete  fracture  near  the  joint,  leading  to  a 
mechanical  bony  block  to  movement  from  imperfect  reduction  of  the  fracture,  dis- 
placement of  a  fragment  of  bone,  excessive  callus,  or  traumatic  myositis  ossificans. 

e.  Soft  parts  only,  such  as  synovial  membrane,  capsule,  ligaments,  tendons, 
muscle,  or  skin,  may  be  wounded,  and,  from  immediate  destruction,  suppuration,  and 
final  healing  by  granulation,  lead  to  adhesions  or  contractures  having  a  pronounced 
effect  in  limiting  the  normal  joint  movements.  The  actual  site  of  contracture  or 
adhesion  may  be  over  the  joint,  or  at  some  distance  from  it,  as  in  the  case  of  adhesions 
of.  soft  parts  to  the  shaft  of  a  bone. 

d.  Reflex  muscle  spasm  as  a  guard  against  painful  movement  of  an  unhealed  or 
imperfectly  cicatrized  deep  wound  may  of  itself  cause  limitation  of  movement. 

Diagnosis. — An  exact  diagnosis  should  always  be  aimed  at,  though  it  may  not 
always  be  possible  to  hit  the  target.  A  routine  treatment  by  massage  and  passive 
movements  is  to  be  deprecated,  both  in  the  interests  of  the  patient  and  of  science. 
Much  time  may  be  wasted  and  valuable  chances  lost  if  this  emj)irical  metliod  is 
adopted.  It  is  necessary,  first,  to  learn  as  far  as  possible  what  are  the  difficulties  to 
be  met,  and  next,  to  decide  what  is  the  best  way  in  which  they  may  be  overcome. 

Diagnosis  is  made  by  inspection,  palpation,  and  x  rays.  Inspection  may  at  once 
reveal  an  obvious  source  of  trouble.  For  example,  a  scar  in  the  flexure  of  a  joint,  as 
at  the  front  of  the  elbow,  may  cause  no  interference  with  flexion,  but  when  extension 
is  attempted  there  will  be  a  drag  on  the  scar  which  will  prevent  full  movement  in 
that  direction.  In  other  cases  the  nature  of  a  deformity  or  the  position  of  a  scar 
may  point  directly  to  the  cause  of  limitation. 

Gentle  attempts  at  passive  movement  will  yield  valuable  information.  The  joint 
may  be  without  movement  ;  but,  whereas  in  the  presence  of  bony  ankylosis  the 
rigidity  will  be  absolute  and  unyielding,  in  the  case  of  fibrous  ankylosis  there  will  be 
a  slight  springy  recoil  accompanied  by  pain  in  all  attempted  passive  movements, 
which  will  serve  to  distinguish  it  from  the  former  condition. 

Where  movements  are  merely  limited,  there  may  be  a  sudden  and  complete  stop 
to  movements  in  one  direction,  while  other  movements  are  more  or  less  free,  pointing 
to  the  presence  of  a  bony  block  at  one  point  standing  in  the  way  of  further  move- 
ment, or  an  a<lhesion  on  the  opposite  aspect  of  the  joint  acting  as  a  drag  or  brake  to 
movement.  The  position  of  the  wound  will  then  help  to  a  decision,  as  well  as  the 
nature  of  the  resistance,  whether  absolute  or  elastic. 
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Where  the  limitation  is  not  confined  to  one  movement,  it  is  often  difficult  to 
make  an  exact  diagnosis.  If,  however,  any  one  or  more  movements  of  the  joint  are 
pee,  it  is  probable  that  there  is  no  serious  intra-articular  lesion,  as  such  movements 
would  be  impossible  in  the  presence  of  a  definite  arthritis.  An  example  from  civil 
I)ra(li((  will  illustrate  this  point.  In  a  case  of  suspected  'hip  disease,'  the  presence 
of  a  full  range  of  rotation  will  be  a  point  against  the  diagnosis  of  tuberculous 
arthritis,  and  will  indicate  some  cause  outside  the  joint  for  any  limitation  of  flexion 
or  extension  which  may  be  present.  I^imitation  of  every  movement  is  to  be  con- 
sidered as  a  sign  of  arthritis  or  of  a  serious  lesion  of  the  joint. 

The  stiffness  from  muscular  spasm  is  of  a  different  character  from  that  already 
described.  The  resistance  is  more  gradual,  and  is  accompanied  by  visible  muscular  con- 
tractions and  a  complaint  of  pain,  without  a  point  of  definite  stoppage  being  reached. 

X-ray  examination  is  desirable  in  all  cases,  and  essential  in  those  which  are  of  a 
doubtful  nature.  Bony  ankylosis  is  usually  unmistakable  ;  the  joint  cavity  is  obliter- 
ated, and  bone  in  continuity  is  seen  bridging  the  joint  region.  Cases  of  arthritis  with 
complete  or  partial  fibrous  ankylosis  may  show  a  general  cloudiness  of  outline,  a  defi- 
nite irregularity  at  one  or  more  points  in  the  shadows  of  the  ends  of  the  bones,  or  in 
some  cases  merely  a  narrowing  of  the  space  between  the  ends  of  the  bones,  due  to 
thinning  or  destruction  of  the  cartilages  of  the  type  of  plastic  arthritis.  It  is  most 
imi)ortant  and  necessary  in  difficult  cases  to  have  a  control  skiagram  of  the  corre- 
sjwnding  healthy  joint  of  the  opposite  side.  Bony  block  nearly  always  occurs  on  the 
flexor  aspect  of  joints,  and  is  seen  as  a  well-defined  shadow  near  the  joint,  while  the 
latter  appears  normal.  It  is  important  to  remember  that  in  a  profile  view  of  a  joint 
an  abnormal  bony  mass  may  appear  to  block  movement,  whereas  it  is  really  at  one 
side  and  may  thus  cause  no  obstruction.  If  careful  examination  of  the  skiagram  in 
comparison  with  that  of  the  healthy  opposite  joint  reveals  no  change,  it  must  be 
considered  for  purposes  of  treatment  that  the  lesion  is  outside  the  joint  proper,  or 
is    at   least   of  such  a   kind  as    is   likely  to  yield  to  treatment. 

2.  Undue  Mobility. — This  condition  is  seen  chiefly  in  the  upper  limb,  notably  in  the 
shoulder-  and  elbow-joints.  As  a  sequel  of  gunshot  wounds,  it  is  usually  the  result  of 
excisioa  of  the  joint  in  question  at  an  early  date  after  the  infliction  of  the  wound. 
A  smashing  wound  of  the  joint  has  occurred,  and  the  surgeon  removes  as  far  as  pos- 
sible all  chance  of  a  spreading  infection  by  making  a  clean  sweep  of  the  damaged 
tissues.  In  observing  these  cases  at  a  later  stage,  it  is  impossible  to  offer  criticism  of 
the  method  employed,  as  what  seems  to  be  a  poor  result  may  possibly  represent  a  life 
or  limb  saved.  It  should,  however,  be  clearly  understood  that  these  early  and  exten- 
sive excisions  lead  to  extremely  bad  functional  results.  There  is  a  wide  gap  separa- 
ting the  bones  which  should  form  the  joint,  the  fulcrum  action  of  the  joint  is  gone, 
and  very  little  active  movement  is  possible.  There  is  in  fact  a  pronounced  form  of 
flail  joint.  In  the  case  of  the  shoulder  the  arm  hangs  by  the  side,  and  only  small 
degrees  of  flexion,  extension,  and  abduction  are  possible  to  the  patient.  In  the  similar 
case  of  the  elbow,  the  forearm  and  hand  dangle  from  the  elbow,  usually  without 
power  of  active  movement.  With  wide  excision  of  the  wrist,  the  result  is  even  worse  : 
the  hand  is  displaced  forward,  with  deformity  of  the  "Madelung"  type,  the  carpus 
being  drawn  upwards  in  front  of  the  forearm  bones  ;  the  alinement  of  the  flexor  and 
extensor  tendons  of  the  hand  is  WTong  ;  and  the  fingers  are  held  nearly  straight  and 
are  entirely  useless.  Moreover,  in  none  of  these  instances  is  there  any  tendency  to 
natural  recovery.  There  is  very  little  bracing  action  of  the  muscles  and  tendons 
crossing  the  excised  joint,  and  the  weight  of  the  useless  portion  of  the  limb  below  the 
excision  tends  to  stretch  the  soft  parts  still  further.  In  the  case  of  joints  which  are 
stiff,  time  and  natural  processes  may  help  to  effect  improvement  ;  but  these  flail 
joints  will  usually  remain  useless  unless  treated  on  the  lines  presently  to  be  indicated. 

3.  Alterations  of  tlie  Axis  of  Movement — These  are  of  the  greater  importance  in  the 
lower  limb,  where  the  function  of  weight-bearing  has  to  be  considered,  and  especially 
in  the  knee  and  ankle,  which  act  as  hinge  joints.     Mal-union  of  fractures  of  the  femur 
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may  interfere  with  the  normal  transverse  axis  of  the  knee-joint  in  the  direction  either 
of  genu  varum  or  valgum.  The  former  is  usually  of  an  innocuous  degree  ;  but  the 
latter,  by  increasing  the  normal  angle  between  the  long  axes  of  the  femur  and  tibia,, 
not  only  imposes  extra  strain  on  the  internal  lateral  ligament  of  the  knee,  but  also 
puts  extra  strain  on  the  mediotarsal  joint,  and  induces  a  condition  of  flat-foot.  Mal- 
union  of  the  tibia,  when  it  throws  the  weight  to  the  inner  side,  alters  the  normal  axis  of 
the  ankle-joint,  and  so  puts  strain  on  the  mediotarsal  joint,  also  producing  flat-foot. 

Manipulation  of  Joints. — This  term  is  here  applied  to  a  procedure  by  the  surgeon 
to  improve  the  condition  of  a  joint  by  moving  it  through  a  part  or  all  of  its  range 
under  general  anaesthesia. 

Before  it  is  undertaken,  two  considerations  must  be  weighed  :  (1)  What  harm  may 
result ;    (2)   What  good  may  result. 

1.  The  possible  objections  to  manipulation  are  :  (o)  Lighting  up  of  suppuration  ; 
(b)  Possibility  of  fracture  ;    (c)  Liability  to  increase  the  disability  rather  than  to  reduce  it. 

As  regards  suppuration,  it  should  be  borne  in  mind  that  practically  every  case  of 
a  stiff  joint  from  a  gunshot  wound  has  been  the  subject  of  suppuration.  It  is  there- 
fore generally  essential  that  all  wounds  should  be  soundly  healed  for  several  months 
before  manipulation  is  undertaken.  The  risk  of  recrudescence  is  not  then  absent,  but 
is  lessened  enough  to  make  the  procedure  justifiable.  In  rare  instances  where  a  joint 
threatens  to  become  ankylosed  in  a  bad  position,  it  may  be  deemed  necessary  even  in 
the  presence  of  unhealed  wounds  to  move  the  joint  cautiously  and  gently  into  a  better 
position,  but  this  should  never  be  done  where  there  is  any  strong  resistance  to  be 
overcome — that  is  to  say,  when  adhesions  have  already  formed.  For  general  purposes, 
the  standard  of  three  months'  freedom  from  suppuration  must  be  adhered  to. 

The  danger  of  fracture  is  small  if  proper  precautions  are  used.  These  are  :  (i) 
The  application  of  steady  continuous  pressure  in  the  required  direction,  as  opposed  to 
jerky  muscular  efforts  ;  (ii)  The  light  application  of  metal  gutter  splints  along  the 
whole  length  of  the  bones  above  and  below  the  joint  to  be  moved.  It  should  be 
the  aim  of  the  operator  to  make  a  restrained  use  of  an  excessive  force — as,  for  example, 
by  bearing  the  weight  of  his  trunk  transmitted  through  his  arms  along  the  whole  line 
of  the  bone  below  the  stiff  joint — rather  than  to  attempt  to  obtain  the  required  move- 
ment by  putting  forth  all  the  strength  of  his  arm  muscles.  If  the  force  is  applied  as 
described,  it  is  easy  to  stop  at  any  moment,  as  it  is  well  under  control.  The  portion 
of  the  limb  above  the  joint  should  be  laid  flat  on  a  sandbag  on  the  operating  table, 
to  obtain  steadiness  and  to  let  the  stress  be  borne  by  the  whole  length  of  the  bone. 
The  use  of  the  gutter  splints  is  a  valuable  additional  safeguard,  and  is  especially  needed 
when  there  has  been  a  previous  fracture  of  one  of  the  bones   involved. 

The  danger  of  increase  of  the  stiffness  by  manipulation  will  depend  on  the  judgement 
in  selecting  the  case  and  on  the  method  used.  It  is  now  generally  admitted  that  no^^ 
amount  of  to-and-fro  movement  will  make  rough  surfaces  smooth,  or  convert  damaged 
joint  surfaces  into  sound  ones.  Quite  the  reverse  is  the  case.  The  breaking  down  of 
adhesions  between  the  cartilages  will  leave  raw,  bleeding  surfaces.  The  trauma  of  the 
violent  movements  will  increase  ha^morrhagic  or  inflammatory  effusion  within  the  joint. 
The  resultant  pain  will  call  for  prolonged  rest,  during  which  time  the  adhesion  of  the  car- 
tilages will  become  stronger  than  ever.  If  pain  and  effusion  are  ignored,  and  frequent 
passive  movements  under  anaesthesia  are  persisted  in,  the  inflammation  will  be  kept  up, 
and  the  period  of  rest,  which  is  merely  put  off,  will  again  lead  to  resumption  of  the 
stiffness.  The  idea  of  mobilizing  a  joint  which  has  been  the  seat  of  arthritis  in  this 
way  must  therefore  be  abandoned  as  almost  certain  to  do  harm  rather  than  good. 

2.  To  turn  to  the  other  aspect  of  the  case,  the  possibilities  of  doing  good  by 
manipulation  must  be  considered.  As  has  been  stated,  the  prospects  in  the  case  of 
arthritis  are  limited,  but  at  the  same  time  they  are  very  well  defined. 

Firstly,  manipulation  may  here  be  used  to  correct  a  deformity  and  to  put  a  joint 
into  a  more  useful  position.  For  instance,  an  arthritic  knee  may  have  a  small  range 
of  movement   round  about   140  degrees.      In  this   position  it   is  comparatively   useless. 
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The  knee  may  be  fully  straightened  by  manipulation.  If  the  joint  is  then  quite  stiff, 
the  limb  is  much  more  useful  than  before.  It  may  be  found,  however,  that  in  the 
course  of  use  a  small  range  of  movement  from  full  extension  will  develop,  and  give  a 
good  walking  leg  as  a  result. 

Secondly,  even  in  the  case  of  arthritis,  judicious  manipulation  may  lead  to  an 
increased  range  of  movement.  The  destruction  of  cartilage  may  be  limited  to  one 
part  of  the  joint,  which  will  usually  be  fixed  in  a  faulty  position  from  the  point  of 
view  of  function.  If  the  joint  is  then  moved  into  a  position  as  remote  as  possible 
from  its  former  one,  each  damaged  portion  will  now  lie  in  contact  with  healthy  carti- 
lage. The  joint  is  kept  at  rest  in  its  nev.-  position  until  all  reaction  has  subsided. 
The  fresh  adhesions  which  have  formed  will  be  of  a  much  less  serious  character  than 
those  originally  present,  and  future  gradual  change  of  position  may  now  result  in 
quite  a  useful  range  of  movement. 
Even  in  more  general  arthritis  of  a 
joint,  manipulation  may  prove  useful 
if  one  is  content  with  a  small  degree 
of  movement,  followed  by  a  period 
of  rest  until  pain  and  swelling  are 
absent,  when  the  process  may  be 
repeated.  Much  may  sometimes  be 
gained  by  cautious  movement  of  this 
kind,  where  drastic  measures  would 
do  more  harm  than  goo<l.  It  will 
be  seen,  therefore,  that  in  cases  of 
this  sort  an  effort  must   be  made  to 

reduce  trauma  to  a  minimum.  This  is  done  by  abstaining 
from  going  too  far  at  once,  and  by  avoidance  of  all  to-and-fro 
movements,  with  rest  for  the  joint  while  any  inflammation 
is  present.  In  the  case  of  the  elbow-  or  knee-joint,  the  Turner 
splint  (Fig.  168)  may  take  the  place  of  such  manipulation, 
or  be  used  to  supplement  it.  This  splint  consists  of  portions 
to  be  attached  to  the  limb  above  and  below  the  joint,  with 
an  intermediate  screw  adjustment  over  the  joint.  It  is  fixed  p,^  les.— The  Tumer  splint. 
to  the  limb  above  and  below  by  incorporation  in  independent 

sets  of  plaster-of-Paris  bandages  over  a  layer  of  cotton-wool.     The  screw  may  be  adjusted 
to  flex  or  extend  the  joint,  a  small  change  being  made  daily. 

In  connection  with  either  method,  voluntary  active  movements  may  be  encouraged 
when  they  become  possible  :  but  what  has  already  been  said  will  make  it  clear  that 
passive  movements  are  worse  than  useless  in  an  attempt  to  increase  the  range  of  the  joint. 

When  we  turn  to  the  consideration  of  stiffness  of  an  extra-articular  origin,  a  more 
hopeful  prospect  of  manipulative  treatment  comes  into  view.  The  stiffness  in  such 
cases  may  be  due  to  adhesions  or  contractions  of  syno\ial  membrane,  capsule,  liga- 
ments, tendons,  or  muscles,  to  contractions  of  extensive  skin  scars,  or  to  bony  blocks 
of  the  kind  already  referred  to.  The  last  two  conditions  require  special  treatment, 
to  be  referred  to  later.  The  others  lend  themselves  to  manipulation  for  the  breaking 
down  of  adhesions,  \vith  the  hope  of  obtaining  a  good  range  of  movement.  The 
dangers  of  fresh  suppuration  or  of  fracture  must  be  avoided  by  the  precautions 
already   referred   to. 

The  force  is  applied  as  described  above  ;  but  unless  resistance  is  very  great,  the 
joint  should  be  carried  through  its  full  range  of  movements  at  once.  Here,  again, 
inflammatory  reaction  must  be  reduced  as  far  as  possible,  and  each  movement  should 
therefore  be  carried  out  once  only.     Nothing  is  gained  by  repeating  the  movements. 

The  after-treatment  varies  somewhat  according  to  the  severity  of  the  case.  If  the 
resistance  appears  to  be  light  by  previous  examination,  gas  anaesthesia  may  be  used. 
As  the  patient  regains  consciousness,  he  is  told  to  put  the  joint  through  its  movements. 
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This  will  ^ivc  him  confidence  and  assist  in  future  treatment.  Judicious  passive  move- 
ments are  of  great  value  in  such  cases.  On  the  following  day  the  joint  is  put  once  only- 
through  its  full  range.  On  the  next  day,  again,  its  condition  is  noted.  If  the  pain  is 
less,  active  and  passive  movements  are  proceeded  with.  If  the  pain  is  greater  and 
movement  less,  it  is  a  sign  that  longer  rest  is  needed.  Further  i)assive  movements 
must  be  deferred  until  inflammation  has  subsided,  as  shown  by  the  reduction  of  pain. 
Gentle  stroking  massage  will  be  valuable  in  getting  rid  of  inflammatory  swelling. 

In  the  case  of  more  serious  adhesions,  such  as  are  usually  present  in  gunshot 
injuries,  ether  anjesthesia  is  advisable,  so  as  to  give  more  complete  muscular  relaxa- 
tion and  to  allow  more  time  for  the  manipulations.  The  inflammatory  reaction  is 
greater,  and  early  passive  movements  are  thereby  often  contra-indicated.  The  joint  is 
to  be  kept  at  rest,  usually  in  a  position  remote  from  that  present  before  the  joint  was 
moved,  and  further  movement  is  started  cautiously.  The  case  of  the  elbow-joint  may 
be  taken  as  an  example.  Stiffness  is  usual  at  about  120  degrees.  The  joint  is  put 
through  its  full  range,  and  is  then  slung  at  rest  in  as  full  flexion  as  possible  having 
regard  to  the  circulation,  say  about  40  degrees.  On  the  following  day  passive  move- 
ment is  gently  tried.  If  it  is  painful,  the  joint  is  kept  at  rest  in  flexion  for  about  a 
week.  The  sling  is  then  relaxed  to  allow  a  small  range  of  active  movement  from  fidl 
flexion.  If  this  range  of  active  movement  is  maintained,  after  a  day  or  two  the 
sling  is  relaxed  a  little  more,  and  so  on.  If,  however,  active  movement  becomes  less, 
it  is  a  sign  of  the  need  of  further  rest,  and  the  joint  is  returned  to  rest  in  full  flexion 
for  another  week,  when  the  process  of  gradual  letting  down  is  again  started.  In 
somewhat  less  severe  cases  it  may  be  possible  to  change  the  position  from  full  flexion 
to  full   extension  daily  with  gradually  decreasing  pain. 

The  indications  for  movement  in  after-treatment  may  be  summarized  thus  : — 
•  Passive  movements  are  of  little  use,  and  may  be  very  harmful  in  the  presence  of 
intra-articular  lesions.  When  the  lesion  is  outside  the  joint,  they  are  of  little  use  in 
increasing  the  range  of  a  joint,  but  are  most  valuable  in  keeping  up  a  range  of  move- 
ment already  gained  by  manipulation.  They  should  never  do  more  than  put  the 
joint  once  through  its  full  range,  as  nothing  is  gained  by  repeating  the  movements, 
and  inflammatory  reaction  is  thereby  increased. 

Active  movements  performed  by  the  patient  are  nearly  always  of  value,  and  can 
rarely  do  harm  in  the  class  of  cases  under  discussion.  They  should  not  be  used 
during  a  stage  of  obvious  inflammation  following  manipulation,  but  as  soon  as  inflam- 
mation has  subsided  and  pain  is  gone,  or  much  reduced,  they  can  do  nothing  but 
good.  At  a  later  stage,  the  use  of  a  partially  stiff  joint  in  a  gymnasium,  curative 
workshop,  or  civil  employment,  will  often  lead  in  the  end  to  a  better  result  than  can 
be  quickly  obtained  by  any  of  the  surgical  means  at  our  disposal. 

Scars  Limiting  Movement  of  Joints. — These  occur  chiefly  in  the  flexures  of  joints,^ 
especially  the  front  of  the  elbow  and  the  back  of  the  knee.  It  may  be  possible  to 
straighten  the  limb  with  or  without  general  anaesthesia,  and  to  keep  it  straight  on  a 
splint.  If  the  latter  is  removed  in  a  short  time,  the  contraction  will  reappear,  and 
no  active  power  of  straightening  will  be  retained.  To  prevent  this  recurrence  it  is 
necessary  to  keep  the  scar  on  the  stretch  for  a  long  time,  perhaps  three  to  six 
months.  Contraction  of  scar  tissue  does  not  go  on  indefinitely,  and  if  the  stretching 
is  maintained,  surrounding  skin  will  be  drawn  upon  in  course  of  time  and  adapt  itself 
to  its  new  position,  after  which  there  will  be  no  further  tendency  to  recurrence.  It  is 
imjMirtant  not  to  add  to  the  amount  of  scar  tissue  in  straightening  the  limb,  so  that 
in  cases  of  great  resistance  it  is  better  to  extend  gradually  than  to  attempt  to  do  too 
much  at  once.  In  such  circumstances  the  Turner  splint  already  described  will  be  of 
great  use.  When  straightening  is  complete,  it  is  maintained  by  the  use  of  a  back 
splint  for,  say,  three  months.  The  splinting  is  then  omitted  for  gradually  increasing 
intervals,  so  long  as  the  full  range  gained  can  be  kept  up  by  voluntary  movements. 
Any  reduction  of  the  range  is  a  sign  that  equilibrium  of  the  scar  has  not  yet  been 
reached,   and   that   a   further  period  of  full   constant   extension   is   necessary.      In  suit- 
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able  cases  much  time  may  be  saved  by  complete  excision  of  the  scar  both  of  the 
skin  and  the  underlying  region.  A  plastic  flap  may  be  brought  from  one  side  of  the 
wound  to  cover  the  raw  space,  or,  in  the  case  of  the  elbow,  a  generous  flap  may  be 
turned  up  from  the  abdominal  wall  and  stitched  over  the  gap.  The  pedicle  remains 
attached  to  the  abdomen  for  a  few  weeks  until  the  flap  is  well  joined  and  new  vessels 
have  been  formed,  when  it  is  detached  by  stages  to  ensure  the  vitality  of  the  flap. 
If  primarj'  union  has  been  attained,  no  recurrence  of  flexion  deformity  is  to  be 
expected,  and  active  and  passive  movements  may  be  proceeded  with  at  once. 

Bony  Block. — This  is  most  often  found  in  the  bend  of  the  elbow,  a  piece  of  bone 
lying  in  front  of  the  lower  end  of  the  humerus  and  preventing  flexion.  It  can 
usually  he  removed  easily  by  operation.  If,  as  is  generally  the  case,  the  block  is 
finiilx  lixtd  and  needs  chiselling,  a  raw  bone  surface  wifl  remain,  and  it  is  weU  to 
cov(r  this  with  a  flap  of  deep  fascia  taken  from  the  thigh.  This  will  take  the  place 
of  periosteum  in  preventing  the  infiltration  of  muscles  with  osteoblasts  which  might 
lead  to  new  bone  formation.  The  joint  is  put  up  in  full  flexion  after  the  operation, 
and  kept  in  this  position  until  healing  is  complete.      It  is  then  let  down  by  stages. 

Open  Operations  on  Joints. — Those  of  special  importance  in  connection  with  the 
subject  under  discussion  are  :  (o)  Excision,  to  produce  a  mobile  joint  or  to  obtain 
ankylosis  in  a  good  position  ;  (6)  Arthroplasty,  to  render  a  joint  mobile  ;  (c)  Arthro- 
desis, to  obtain  fixation  of  a  mobile  joint. 

In  the  class  of  cases  under  review.  «■/(  /■^mn  is  but  rarely  indicated.  The  elbow  is 
the  only  large  joint  in  which  mobility  may  be  obtained  with  advantage  by  this 
method.  Here  arthroplasty  may  be  used  as  an  alternative.  This  operation  will  yield 
a  fair  range  of  movement  and  a  strong  joint.  A  well-planned  excision  at  a  late 
stage  will  produce  a  better  range  of  movement,  but  xiniftimes  at  a  small  sacrifice  of 
strength.  In  the  shoulder  and  wrist  better  functional  results  can  be  got  by  obtaining 
stiff  joints  in  a  good  position  than  by  any  attempts  at  mobilization  by  excision  or 
arthroplasty.  In  these  joints  a  linear  or  wedge-shaped  osteotomy  near  the  joint  will 
restore  a  good  position  more  simply  and  satisfactorily  than  an  excision. 

In  the  lower  limb,  stability  and  weight-bearing  are  the  chief  requirements,  and 
operations  to  mobilize  will  ver>-  seldom  improve  function.  Sometimes  a  wedge-sha[)ed 
excision  of  the  knee-joint  may  l>e  needed  to  obtain  a  stiff,  strong  joint  in  the  straight 
position.  Deformities  of  the  hip  or  ankle  are  usually  corrected  better  by  a  linear  or 
wedge-shaped  osteotomy  near,  but  not  through,  the  joint. 

Arthrodesis,  or  joint  fixation,  may  be  needed  at  the  shoulder  or  wrist  for  flail 
joints,  and  also  in  the  former  for  fixation  in  some  cases  of  fibrous  ankylosis.  The 
adjacent  surfaces  are  made  raw,  and  fixed  in  position  by  nails,  screw?,  or  wire. 

Ankylosis. — Bony  ankylosis  in  a  good  position  is  as  a  rule  best  left  alone.  Only 
in  the  case  of  the  elbow-joint  may  mobilization  be  considered  worth  while.  If  the 
position  is  bad,  correction  is  to  be  obtained  by  one  of  the  means  referred  to.  Fibrous 
ankylosis  will  nearly  always  lend  itself  to  manipulation  into  a  good  position.  As  has 
been  stated,  judicious  manipulation  may  sometimes  lead  to  improvement  in  mobility. 

In  all  cases  where  ankylosis  is  inevitable,  a  faulty  attitude  must  be  corrected  so 
that  stiffness  is  maintained  in  what  is  the  best  position  for  subsequent  function.  If 
there  is  already  complete  fixation  in  a  bad  position,  this  is  to  be  altered  to  a  good 
one  by  one   of  the   methods  referred  to. 

The  shoulder-joint  is  in  its  best  position  with  the  humerus  abducted  about  70 
degrees  from  the  side,  the  scapula  being  in  its  normal  vertical  position.  The  humerus 
should  also  point  somewhat  forward.  The  position  can  be  illustrated  in  the  healthy 
subject  by  placing  the  tip  of  the  middle  finger  over  the  most  prominent  point  of  the 
opposite  clavicle  and  raising  the  arm  nearly  to  the  horizontal.  With  a  stiff  shoulder- 
joint  in  this  position,  play  of  the  scapula  will  aUow  the  arm  to  be  brought  well 
above  the  horizontal  in  one  direction  and  down  to  the  side  in  the  other.  It  should 
be  emphasized  that  it  is  not  enough  to  bring  the  arm  up  to  this  position,  but  it  must 
come  to  this  point  when  the  scapula  is  in  the  normal  vertical  position. 
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It  is  less  easy  to  dogmatize  about  the  best  position  for  a  stiff  elboiv.  The  wishes 
of  the  patient  should  be  considered,  but  an  anjjle  of  about  100  degrees  is  most  gener- 
ally useful.  The  patient  is  then  just  able  to  feed  himself  and  still  have  a  useful 
reach.  Often  the  question  becomes  unimportant,  as  a  good  movable  joint  can  be 
obtained  by  operation. 

The  rule  for  the  wrist-joint  is  definite.  It  should  be  stiff  in  the  dorsiflexed  position  : 
function  both  of  flexion  and  extension  of  the  fingers  is  then  infinitely  better  than 
when  the  wrist  is  straight  or  flexed. 

The  hip-joint  should  be  fully  extended,  slightly  abducted,  and  slightly  rotated  out- 
ward. This  equalizes  the  practical  length  of  the  limbs  as  far  as  possible,  and  gives 
the  best  stability,  standing  attitude,  and  walking  gait. 

The  knee-joint  should  be  fully  straightened.  Slight  flexion  might  be  better  if  it 
could  be  maintained,  but  if  this  attitude  is  attempted  there  is  always  a  well-recog- 
nized tendency  to  the  recurrence  of  flexion  deformity. 

The  ankle-joint  should  be  fixed  with  the  foot  at  right  angles  to  the  leg,  so  that 
when  the  patient  is  standing  with  his  feet  together  his  weight  is  distributed  equally 
between  the  heel  and  the  forepart  of  the  foot.  Deviation  in  either  direction  from 
this  position  is  equally  unsatisfactory. 

The  mediotarsal  joint  should  be  slightly  inverted,  to  avoid   a  tendency  to  flat-foot. 

AFFECTIONS   OF    INDIVIDUAL   JOINTS. 

The  principles  enunciated  in  the  foregoing  remarks  are  those  which  the  writer  has 
made  use  of  in  the  treatment  of  joints  whose  function  has  been  interfered  with  by 
gunshot  injuries.  A  brief  summary  will  now  be  made  of  the  method  of  their  applica- 
tion to  the  common  disabilities  found  in  the  large  joints  of  the  body. 


Fl(;.  Ifiii. — Bandolier  slioulder-abduction  Hplint. 


ShOULDER-.IOIN'T. 

Bony  Ankylosis. — Adduction  deformity  is  common.  This  may  be  regarded  as 
slight  if  the  patient  can  already  raise  the  arm  to  the  horizontal  by  scapular  move- 
ment. With  greater  degrees  of  adduction  a  wedge  of  bone  is  excised  from  the  outer 
aspect  of  the  surgical  neck,  to  bring  the  humerus  out  to  an  angle  of  70  degrees  from 
the  scapula.     The  bandolier  shoulder-abduction  splint  {Fig.  169)  is  retained  for  six  weeks 
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Fibrous  Ankylosis. — The  above-named  position  is  obtained  by  manipulation.  Over- 
correction should  at  first  be  reached,  to  allow  for  sagging,  and  a  right  angle  between 
humerus  and  scapula  may  be  aimed  at  for  the  time.  The  splint  will  be  needed  for 
at  least  three  months.  After  two  months  it  may  be  gradually  lowered  as  a  guard 
against  recurrence.  The  play  of  the  scapula  will  maintain  a  good  angle  between  it 
and  the  humerus.  If  this  angle  tends  to  become  reduced  below  the  final  aim  of  70 
degrees,  longer  support  will  be  needed.  If  the  fibrous  ankylosis  is  too  strong  to 
allow  of  manipulative  correction,  the  operative  treatment  should  not  be  by  cuneiform 
osteotomy,  but  by  arthrodesis. 

Arthritis  iviih  Limited  Movements. — If  the  ideal  position  (70  degrees  between 
humerus  and  scapula)  is  included  in  the  range  of  movements,  no  treatment  is  indi- 
cated.     If  not,  the  case  is  to  be  treated  as  one  of  fibrous  ankylosis. 

Extra-articular  Adhesions. — Mild  cases  are  treated  by  manipulation  once  through  a 
full  range,  followed  by  active  and  passive  movements,  combined  with  massage  and 
baths.  Axillarj'  scars  are  excised  and  the  raw  surfaces  closed  by  plastic  flaps  ;  or,  as 
an  alternative,  they  may  be  treated  by  applying  the  abduction  splint  in  as  open  a 
position  as  the  contracture  permits,  and  then  gradually  stretching  the  scar  by  adjust- 
ment of  the  splint.  Many  cases  with  the  massive  deep-seated  adhesions  following 
wounds  and  suppuration,  will  not  yield  readily  to  manipulation.  In  these  circumstances 
the  best  position  is  reached,  and  the  future  treatment  is  as  for  fibrous  ankylosis. 

Flail  Joints. — The  deltoid  muscle  is  usually  stretched  and  useless.  The  arm 
should  be  placed  as  high  as  possible  on  the  abduction  splint  to  relax  this  muscle  to 
allow  of  recoven.'  of  its  tone.  The  end  of  the  shaft  of  the  humerus  should  be 
brought  into  contact  with  the  glenoid  cavity  or  its  remains,  to  allow  shortening  of 
ligaments.  If  good  apposition  cannot  be  thus  maintained,  it  can  be  brought  about 
by  abandoning  abduction,  and  slinging  up  the  humerus  in  a  vertical  position  by  adhe- 
sive strapping  passed  round  the  tip  of  the  olecranon  and  over  the  top  of  the  shoulder, 
as  in  treating  acromio-clavicular  dislocations.  By  one  of  these  means  the  deltoid  is 
kept  relaxed  without  intermission  for  three  months.  Massage  and  faradism  may  be 
used  as  far  as  splinting  permits.  If  these  methods  fail  to  bring  about  a  stable  joint, 
arthrodesis  should  be  performed,  and  the  humerus  and  scapula  fixed  together  at  an 
angle  of  70  degrees. 

Open  Operations  to  Mobilize  the  Shoulder-joint. — Excision  or  arthroplasty  is  some- 
times performed  on  this  joint,  but  the  results  are  only  fairly  good,  and  the  subse- 
quent function  is  rarely  equal  to  that  of  a  strong  joint  ankylosed  in  the  best  position. 
An  effort  to  obtain  the  latter  is  therefore  the  method  of  choice. 

Elbow-joint. 

Bony  Ankylosis. — Unless  special  precautions  have  been  taken,  this  usually  occurs 
at  about  130  degrees.  This  does  not  allow  the  patient  to  reach  his  head  and  neck 
for  dressing  or  feeding.  Excision  to  obtain  mobility  is  advisable.  The  bone  removed 
should  just  include  the  articular  surfaces  of  the  radius  and  ulna  below,  and  the  tips  of 
the  epicondyles  above.  It  is  advantageous  to  cut  through  the  humerus  obliquely 
downwards  and  backwards,  so  as  to  avoid  a  broad  surface  which  might  again  become 
ankylosed  with  the  upper  ends  of  the  radius  and  ulna.  The  limb  is  put  up  in  full 
extension  on  a  long  gutter-splint  for  a  week,  then  brought  into  full  flexion,  and 
retained  by  a  neck-to-wrist  sling.  The  sling  is  slackened  little  by  little  so  long  as 
good  active  power  is  maintained.  Massage  and  faradism  may  be  used  as  soon  as  the 
wound  of  operation  is  soundly  healed.  Passive  movements  are  rarely  needed,  but 
active  movements  within  the  range  permitted  by  the  sling  should  be  encouraged  when 
healing  is  sound. 

Fibrous  Ankylosis. — This  will  be  the  general  result  of  an  arthritis  of  the  joint. 
The  operations  of  excision  or  arthroplasty  are  available  in  case  of  need  ;  but  unless  the 
ankylosis  seems  very  firm,  the  effect  of  manipulation  should  be  tried,  as  this  joint 
lends  itself  to  the  treatment,  and  a  fair  range  of  movement  is  often  obtained.      Since 
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ankylosis  in  an  approved  position  is  not  the  only  prospect,  it  is  not  necessary  to  stop 
when  this  position  is  reached.  If  the  joint  yields  easily,  it  may  be  possible  to  reach 
full  flexion  at  the  first  attempt.  The  wrist  is  slung  to  the  neck  with  the  joint  flexed, 
and  kept  at  rest  until  any  reaction  has  subsided  and  pain  has  disappeared.  The 
sling  is  slackened  little  by  little  as  previously  described.  An  ultimate  active  range  of 
at  least  a  few  degrees  is  to  be  expected,  and  if  this  is  round  about  the  right-angled 
position,  the  functional  result  is  very  fair,  and  may  prove  satisfactory  for  the  patient's 
future  needs  without  the  necessity  of  an  open  operation  to  mobilize. 

Sometimes  the  resistance  to  manipulation  is  considerable,  and  it  is  then  not  to  be 
pushed  too  far.  A  slight  movement  followed  by  rest  or  the  use  of  the  Turner  splint 
with  screw  adjustment,  and  further  small  movements  at  later  dates,  are  indicated. 
Too  much  time  is  not  to  be  wasted  in  unpromising  cases  if  the  patient  is  prepared  to 
have  excision  done. 

Arthritis  ivith  Limited  Movements. — If  these  include  an  angle  of  100  degrees,  the 
result  may  be  thought  good  enough  to  leave  to  time.  The  use  of  the  Turner  splint 
is  likely  to  be  valuable  here,  and  avoids  the  danger  of  interference  with  the  range 
already  present. 

Extra-articular  Obstructions. — Scars  in  the  bend  of  the  elbow,  and  bony  block,  are 
dealt  with  in  the  way  already  described.     Slight  adhesions  are  broken  down  by  putting 

the  joint  once  through  its  full  range, 
following  with  active  and  passive 
movements  as  soon  as  swelling  and 
])ain  have  gone.  The  plan  of  sling- 
ing in  full  flexion,  and  letting  down 
gradually,  is  applicable  in  these 
cases  as  well  as  in  the  more  serious 
cases  of  gunshot-wound  adhesion 
already  referred  to. 

Limited  Extension.  —  This  con- 
dition is  present  in  nearly  all  cases, 
apart  from  the  question  of  contracted 
skin  scars  already  discussed.  The 
disability  is  comparatively  a  slight 
one.  Manipulation  does  not  yield 
good  results.  The  most  promising 
line  of  treatment  is  by  gradual 
stretching  with  the  Turner  splint. 
Generally  speaking,  attention  is  to 
be  concentrated  on  obtaining  flexion.  ^ 
Time  and  occupation  will  often  do  much  to  remedy  the  limitation  of  extension,  and 
gravity  will  also  act  in  this  direction. 

Flail  Elborv.— This  is  the  result  of  too  wide  an  excision.  Function  is  often 
extremely  bad.  No  stability  can  be  obtained  by  muscular  effort,  and  the  limb  is 
almost  useless.  An  attempt  is  to  be  made  to  obtain  contraction  of  the  over-stretched 
soft  parts  by  slinging  the  wrist  to  the  neck  and  applying  a  figure-of-eight  bandage 
over  the  joint  to  draw  up  the  slack.  The  bandage  may  be  removed  daily  for  mas- 
sage and  faradism,  but  the  wrist  sling  should  never  be  relaxed,  lest  all  the  good  be 
undone.  This  treatment  for  three  months  may  lead  to  decided  improvement,  and 
enable  the  patient  to  flex  the  elbow  voluntarily.  The  sling  may  then  be  abandoned 
during  periods  of  activity.  Failing  improvement,  the  case  may  be  treated  by  appli- 
ance or  operation.  A  jointed  poroplastic  splint  has  been  used,  with  a  stop  at  the 
elbow  preventing  extension  beyond  a  right  angle,  but  allowing  flexion  (Fig.  170).  This 
has  afforded  some  relief  and  allowed  of  light  occupation.  Operation  may  be  directed 
to  fixation  of  the  joint  at  a  chosen  angle  by  arthrodesis,  or  to  strengthening  the  joint 
by  forming  new  lateral  ligaments  from  portions  of  fascia  lata  from  the  thigh. 


riG.  170. —  Toi.'itcd  poroi)lastic  siiliiit  for  a  flail  elbow. 
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Radio-uujar  Joints. 

Loss  of  supination  is  common  in  injuries  of  the  forearm,  both  from  fracture  and 
wounds  of  soft  parts.  Pronation  is  the  position  of  rest,  and  is  that  naturally  assumed 
during  periods  of  inactivity.  Full  supination  is  to  be  aimed  at  in  treatment.  This 
may  be  reached  by  manipulation,  and  maintained  by  an  interrupted  gutter-splint  with 
arm  and  forearm  pieces.  The  forearm  gutter  is  twisted  in  the  direction  of  supination, 
and  an  anterior  gutter  similarly  twisted  is  applied,  extending  from  the  elbow  to 
the  palm.  Massage  and  faradism  are  used,  and  the  splinting  is  maintained  until 
equilibrium  between  pronators  and  supinators  is  established,  or  until  the  joint  is  stiff 
in  supination.  The  natural  tendency  to  pronation  will  prevent  too  great  a  final  degree 
of  supination,  except  in  the  case  of  bony  ankylosis,  when  a  half-way  position  must 
be  finally  reached. 

Wrist-joint. 

The  disability  directly  due  to  stiffness  of  the  wrist-joint  is  comparatively  small  if 
the  joint  is  in  an  advantageous  |x)sition,  namely,  that  of  full  dorsiflexion.  This  point 
must  be  strongly  insisted  on.  Not  only  does  it  lead  to  the  best  action  of  the 
flexors  and  extensors  of  the  fingers,  but  the  hand  is  in  a  better  position  for  manual 
occupations.  It  is  rarely  necessary  to  be  anxious  about  mobility.  The  joint  is  got 
into  full  dorsiflexion,  and  any  future  f)ossible  range  of  movement  can  be  left  to 
nature.  Stiffness  has  nearly  always  been  reached  in  the  straight  or  flexed  position, 
and  this  must  be  corrected  in  all  cases.  Bony  ankylosis  is  met  by  linear  or  wedge 
osteotomy  through  or  near  the  joint.  Other  causes  of  stiffness  can  be  met  by  mani- 
pulation. Resistance  is  often  very  great,  and  will  then  call  for  the  use  of  the 
Thomas  wrench  with  ether 
anaesthesia.  The  process  may 
have  to  be  repeated  in  .stages 
until  full  dorsiflexion  is  gained. 
Some  form  of  the  short  wrist - 
splint  is  used  to  maintain  the 
position.  The  palm  and  fore- 
arm p>ortions  should  be  bent 
to  a  right  angle.  The  size  of 
the  palm  portion  may  at  first 
be  necessarily  so  long  as  to 
interfere  with  the  metacarpo- 
phalangeal flexion  movements, 
and  should  be  shortened  by 
cutting  or  changing  the  splint 
when  a  good  position  has  been 
assured.  In  some  cases  it  is 
well  to  incorporate  the  splint 
in  a  plaster  casing,  as  it  may 
be  difficult  otherwise  to  main- 
tain the  proper  position.  Massage  and  exercises  should  be  used  for  the  finger  movements 
during  the  wearing  of  the  splint,  which  may  be  necessary-  for  several  months. 

Flail  Wrist. — The  disability  is  very  great.  The  hand  is  displaced  forward,  and 
both  flexors  and  extensors  of  the  fingers  and  wrist  are  put  out  of  action.  Operation 
for  fixation  is  the  only  possible  procedure.  The  lower  ends  of  the  radius  and  ulna 
are  exposed  and  freshened.  Holes  in  the  carpus  are  gouged  for  their  reception,  rather 
toward  the  back,  so  as  to  dorsiflex  the  hand.  Nails  are  driven  in  through  incisions  on 
the  palmar  aspect  of  the  carpus,  engaging  the  radius  and  ulna,  and  keeping  up  the 
dorsiflexed  position.  The  short  wrist-splint  will  be  needed  for  at  least  three  months. 
Dorsiflexion  and  Supination  Splint. — Sometimes  supination  and  dorsiflexion  are 
needed  at  the  same  time,  not  only  in  nerve  palsies  but  in  joint  injuries.  Morton's 
WTist-splint  is  most  valuable  here  {Fig.  171)  ;    supination  is  maintained  by  a  sling  to  the 


FIG.  171. — Morton's  wrist  splint. 
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bar  whicli  points  anatomically  forwards  from  the  front  of  the  inner  side  of  the  splint  ; 
dorsiflexion  is  provided  by  the  shape  of  the  splint,  into  which  the  forearm  and  hand  fit 
naturally. 

Hip-joint. 

The  chief  concern  is  to  obtain  a  stable  joint  in  a  good  position.  Efforts  to  mobilize 
are  rarely  indicated. 

Bony  Ankylosis. — There  is  usually  flexion  and  adduction  deformity.  This  is  best 
corrected  by  a  wedge  osteotomy  through  the  lower  part  of  the  great  trochanter.  The 
patient  is  fixed  on  the  double  Thomas  abduction  frame  for  six  weeks,  after  which  he 
may  be  allowed  to  walk.  It  is  essential  that  the  position  obtained  should  be  one  of 
full  extension,  slight  abduction,  and  slight  eversion. 

Fibrous  Ankylosis  and  Limited  Movements  from  Arthritis. — These  are  treated  by 
manipulation  into  the  best  position.  The  joint  is  maintained  in  this  position,  on  the 
abduction  frame  for  six  weeks.  The  patient  may  then  be  allowed  to  walk  gradually. 
Any  possible  final  range  of  movement  is  best  left  to  natural  improvement  in  the 
course   of  walking  exercise. 

Extra-articular  Adhesions. — If  x  rays  show  a  normal  joint,  and  particularly  if  some 
movements  of  the  joint  are  perfectly  free,  manipulation  may  be  undertaken  in  hope  of 
a  movable  joint,  further  treatment  being  on  the  lines  already  indicated  for  other 
joints.  If  great  resistance  is  found,  or  if  grating  on  movement  suggests  trouble  with- 
in the  joint,  rest  in  abduction  and  extension  will  be  needed,  as  in  arthritis. 

Bony  Block. — This  may  be  limiting  abduction.  It  should  be  either  removed  or  de- 
tached, and  the  limb  fixed  in   full  abduction  on  the  abduction  frame  for  several  weeks. 

Flail  Joints. — A  destructive  wound  of  the  joint  may  lead  to  a  practical  loss  of 
its  stability,  with  telescope  action  of  the  thigh  on  the  side  of  the  pelvis.  For  perhaps 
a  year  or  more  it  is  advisable  to  treat  this  in  a  palliative  manner 
by  applying  a  Thomas  caliper  which  will  enable  the  patient  to 
walk  fairly  well.  If  fixation  is  desired  later,  this  will  be  obtained 
by  an  open  operation  to  freshen  the  opposing  surfaces  and  attach 
the  upper  end  of  the  femur  to  the  side  of  the  pelvis  in  slight 
abduction. 

Coxa  Vara. —  This  may  occur  from  mal-union  of  the  neck  of 
the  femur.  It  is  treated  by  cuneiform  intertrochanteric  osteotomy, 
followed  by  rest  on  the  abduction  frame  until  consolidation  is 
complete. 

,  Knee-joint. 

Deformities. — Genu  valgum  and  varum  are  due  to  mal-union 
of  fractures  of  the  thigh  and  leg.  Their  treatment,  which  is  on 
recognized  lines,  hardly  comes  within  the  scope  of  this  article. 
Genu  retrorsum,  or  '  back-knee,'  needs  special  mention,  as, 
in  addition  to  the  mal-union  which  is  the  primary  cause, 
there  is  a  secondary  stretching  of  the  posterior  ligament  of 
the  joint.  It  is  treated  by  raising  the  heel  of  the  boot  and 
applying  a  knee  cage  (Fiff.  172)  with  a  stop  to  prevent  full 
extension.  This  may  be  used  for  a  year.  If  operative 
treatment  is  then  required,  it  will  consist  in  a  wedge  osteo- 
tomy at  the  back  of  the  lower  end  of  the  femur,  followed 
by  splinting  in  flexion  until  union  is  sound. 

Bony  Ankylosis. — Open  operations  to  mobilize  a  stiff  knee-joint  have  not  had  very 
encouraging  results.  The  general  aim  in  ankylosis,  therefore,  is  to  restore  a  good  position 
— viz.,  that  with  the  limb  fully  straightened.  A  wedge-shaped  excision  is  the  line  of 
treatment  recommended  in  the  rare  cases  where  ankylosis  has  been  allowed  to  occur  in 
a  flexed  position. 

Fibrous  Ankylosis. — This   may  be  so  firm  that  removal  of  a  wedge  may  be  needed, 


Fi(i.  172.— Thfi  knee  ca<:e. 
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as  in  bony  ankylosis.  Milder  forms  can  be  corrected  by  manipulation.  If  there  is  any 
backward  displacement  of  the  tibia  on  the  femur,  open  di\ision  of  the  hamstrings  will 
usually  be  advisable.  This  is  done  a  few  weeks  before  straightening  is  to  be  attempted. 
It  should  be  remembered  that  the  knee  is  not  a  true  hinge-joint,  and  if  straightening 
is  made  without  freeing  the  joint  surfaces,  the  tibia  will  not  roll  round  to  the  end  of 
the  condyles  of  the  femur,  but  will  pivot  on  its  own  anterior  edge,  which  will  remain 
attached  too  far  back  on  the  condyles,  causing  a  posterior  displacement.  With  the 
patient  lying  on  his  face,  further  flexion  of  the  joint  is  first  made  to  free  the  front 
part  of  the  attachment  of  the  tibia  to  the  femur.  Full  extension  may  then  be  possible 
with  the  bones  in  their  normal  relationship.  If  not,  flexion  must  again  be  made  with  a 
well-padded  band  in  the  flexure  of  the  knee — the  ends  of  the  band  being  held  over  the 
lower  end  of  the  table — to  act  as  a  fulcrum.  By  this  means  the  tibia  can  be  made 
to  slide  over  the  condyles,  and  correct  straightening  be  obtained. 

The  foregoing  remarks  apply  to  cases  with  powerful  and  otherwise  immovable 
adhesions.  Milder  cases  may  be  straightened  without  great  difficulty.  Apart  from  the 
dangers  of  suppuration,  it  is  very  rarely  bad  practice  to  straighten  a  bent  knee,  what- 
ever its  cause.  When  it  is  a  question  of  bending  a  straight  knee,  the  most  careful 
judgement  is  required,  as  this  will  only  be  done  in  the  hope  of  a  gain  of  mobility. 
In  a  case  of  arthritis  it  can  never  be  useful  to  bend  forcibly.  If  the  arthritis  is  of  so 
mild  a  type  that  some  movement  is  hoped  for,  this  is  to  be  attempted  by  the  use  of 
the  Turner  knee-splint — resembling  the  elbow-splint  shown  in  Fig.  168 — or  by  allowing 
the  patient  to  walk,  when  natural  movements  will  in  course  of  time  bring  about  as 
much  improvement  as  is  practicable. 

Extra-articular  Adhesions. — These  will  usually  leave  a  limited  range  rather  than 
full  fixation.  Scars  at  the  back  limiting  extension  may  in  slight  cases  be  treated  by 
manipulation  into  the  straight  position  ;  the  patient  is  then  allowed  to  walk  in  a 
Thomas  caliper  for  a  few  weeks,  after  which  active  movements  are  permitted.  More 
severe  scars,  whether  of  skin  or  deep  structures,  are  better  treated  by  gradual  stretch- 
ing. This  may  be  carried  out  with  the  Turner  splint,  a  malleable  back  splint,  or  a 
Thomas  bed  splint,  according  to  the  degree  of  flexion.  The  larger  degrees  are  put 
into  the  Turner  splint ;  intermediate  cases  have  the  back  splint  applied  slightly 
straighter  than  the  limb,  and  adjusted  by  stages  as  the  limb  conforms  to  the  line 
of  the  splint  :  and  small  degrees  are  treated  by  the  Thomas  bed  splint,  with  exten- 
sion from  above  the  knee  and  bandages  across  from  side  to  side  in  front  of  the  thigh 
and  behind  the  leg.  >Mien  the  limb  is  straightened  by  any  of  these  means,  the 
patient  is  allowed  to  walk  in  the  Thomas  caliper  for  three  months,  a  back  splint  being 
applied  during  rest.  After  this  time  recurrence  of  deformity  is  not  to  be  expected, 
and  active  exercise  and  movements  are  begun,  a  splint  being  used  at  night  until  full 
voluntary  range  is  assured.  Massage  and  baths  to  improve  the  circulation  and  loosen 
scars  are  valuable  adjuncts  to  treatment  during  the  whole  period  of  correction. 

Scars  in  front  limiting  flexion  are,  in  war  injuries,  rarely  slight  enough  to  \ield 
to  the  breaking  down  of  adhesions  and  free  mobilization.  The  Turner  splint  is  most 
suitable  here.  It  is  put  on  in  full  extension,  and  gradually  flexed.  AMien  a  range  of 
about  45  degrees  has  been  gained,  the  splint  may  be  abandoned.  Massage  and  active 
exercises  are  started,  and  the  patient  is  allowed  to  walk.  Once  a  start  has  thus  been 
made,  walking  with  normal  swing  of  the  knee  is  possible,  and  the  range  will  gradually 
increase  as  fibrous  tissue  becomes  absorbed. 

Ankle-joint. 

The  common  deformity  is  equinus  or  dropped  foot,  arising  from  many  causes 
affecting  the  joint  directly  or  indirectly.  Simple  cases  from  extra-articular  lesions 
may  sometimes  be  corrected  by  massage  and  exercises ;  but  the  vast  majority  from  all 
causes  are  to  be  treated  by  immediate  correction,  with  lengthening  of  the  tendo 
Achillis.  Transverse  di^ision  of  the  tendon  is  usually  bad  in  adults,  as  recover^'  of 
strength  is  retarded.      The  method  of  subcutaneous  lengthening  is  completely  satisfac- 
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tory.  The  tendon  is  cut  lialf-way  throujih  in  opposite  directions  at  an  interval  of 
alMHit  1^  inches.  The  foot  is  then  dorsiflexed  forcibly,  if  necessary  with  the  aid  of 
the  Thomas  wrench,  when  the  intermediate  ])or- 
tions  of  the  tendon  sUde  upon  each  other  in  the 
direction  of  lengthening.  The  foot  is  put  up  in 
slight  over-correction  on  a  shoe  splint  {Fig.  178). 
Weight-bearing  is  usually  possible  in  about  three 
weeks.  Any  tendency  to  recurrence  of  deformity 
is  met  by  a  retentive  apparatus.  The  writer  has 
found  the  '  drop-foot  splint  '  {Fig.  174)  quite  satis- 
factory. A  short  caliper  is  used,  ending  above 
at  the  upper  part  of  the  leg,  and  below  in  trans- 
verse pins  which  fit  into  sockets  in  the  heel  of  the 
boot.  Flanges  fixed  to  the  heel  project  behind 
the  side  bars  and  allow  dorsiflexion  while  prevent- 
ing plantar  flexion  beyond  a  right  angle. 

Forcible  correction  is  applicable  in  all  obstruc- 
tions   falling    short  of    bony    ankylosis.     In 
the   latter   case   a   wedge-shaped    osteotomy 
of  the  lower  end 
of  the  tibia   and 
fibula    is    needed 
in  addition. 

The  aim,  there- 
fore,  in   deformi- 
ties of  the  ankle  Fin.  174.— nrop-foot  siioe  splint. 
is     to     obtain     a 
stable  foot.     The  actual  ^result  may  be  even  better,   and  end  in  a  movable  ankle-joint. 
When  this  is  practicable,Mt^  is  to  be  gained  by  use  of  the  foot  in  walking  after  correc- 
tion has  been  made. 

Mediotarsal  joint. 

Organic  deformities  of  varus  or  valgus  may  occur  from  mal-united  fractures  and 
other  causes.  Their  treatment  is  on  the  well-recognized  lines  of  that  used  in  civil 
practice,  and  needs  no  special  description  here. 


Flc.  173. — Jlalleahlc  s!ioo  splint. 


CONCLUSIONS. 

1.  Gunshot  injuries  generally  lead  to  very  severe  forms  of  obstruction  to  the  normal 
movements  of  joints. 

2.  Mani|)ulation  has  its  chief  use  in  the  correction  of  deformities,  and  in  changing 
the  position  of  a  joint  from  one  in  which  function  is  bad  to  one  in  which  function  is 
at  its  best  if  permanent  stiffness  is  to  be  the  final  result. 

3.  Improvement  of  mobility  is  more  likely  to  be  gained  by  slight  movements 
followed  by  periods  of  rest,  or  by  slow  stretching  of  contracted  parts — in  other  words, 
by  gradual  change  of  position — rather  than  by  forcible  movements  through  a  large  range. 

4.  Open  operations  to  obtain  mobility  are  rarely  advantageous  except  in  the  case 
of  the  elbow-joint,  where  they  are   usually  satisfactory. 

5.  Massage  and  baths  are  valuable  adjuvants  to  improve  circulation  and  aid  in  the 
dispersal  of  scar  tissue. 

6.  Passive  movements  have  very  limited   value,  and  are  often  harmful. 

7.  Active  movements,  especially  those  of  normal  use  and  occupation,  are  most 
valuable,  and  will  often  do  more  to  increase  mobility  than  any  surgical  means  at 
our  disposal. 
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UNUNITED  FRACTURES,  WITH  SPECIAL  REFERENCE  TO  GUNSHOT 
INJURIES  AND  THE  USE  OF  BONE  GRAFTING. 

By   ERNEST   W.   HEY   GROVES,  Bristoi>. 

Tiii-^  yiapor  deals  with  a  series  of  CO  consecutive  cases  treated  by  the  author  during  the 
last  twn  ytars,  and  refers  almost  entirely  to  gunshot  injuries.  From  a  practical  point  of 
view  1  have  thought  it  better  to  direct  attention  to  an  unselected  series  of  cases,  pointing 
out  the  difficulties  of  treatment  and  the  causes  of  failure,  rather  than  to  attempt  a  literary 
review  of  the  work  of  other  surgeons.  At  the  present  moment  the  material  for  the  latter 
attempt  is  lacking,  owing  to  the  fact  that  only  small  groups  of  cases  have  been  published. 
On  considering  one's  own  work,  and  in  discussing  the  matter  with  others,  one  derives 
the  impression  that  a  general  feeling  of  discouragement  and  failure  has  prevented  pub- 
lication :  but  further  reflection  makes  it  an  obvious  duty  to  enquire  into  the  whole  matter, 
in  order  that  the  causes  of  such  failure  may  be  understood,  and  avoided  or  overcome  in 
tlic   future. 

I.   REMARKS    ON   THE    CAUSES,    INCIDENTS,    AND    NATURAL   RESULTS 
OF    UNUNITED    FRACTURES. 

There  are  certain  obvious  causes  of  non-union  of  fractures,  and  others  which  are  more 
obscure,  depending  upon  altered  vital  conditions  of  the  bone-producing  cells  which  are, 
at  present,  matters,  of  speculation  rather  than  observation.  I  propose  in  this  paper  to 
deal  chiefly  with  the  obvious  causes,  which  could  be  recognized  in  all  the  cases  in 
the  present  series. 

Such  causes  are  four  in  number,  viz.  :  (1)  Primary  loss  of  substance  (34  cases)  ; 
(2)  Xecrosis  or  secondary  loss  of  substance  (3  cases) ;  (3)  Displacement,  with  intervention  of 
soft  parts  (21  cases)  ;   (4)  Eburnation  or  sclerosis  (2  cases). 

The  incidence  of  these  causes  in  relation  to  various  bones  is  shown  in  the  following 
table  :— 


BONE 

LOSS  OF 

Xecrosis 

DlSPLACE- 

Ebcrxa- 

XO.  OP 

SUBSTASCE 

MEXT 

TION 

CASES 

Radius 

10 

1 

2 

13 

Ulna 

8 

— 

3 

1 

12 

Radius  and  ulna 

— . 

1 

. 

1 

2 

Humerus 

9 

1 

3 



13 

Femur 

3 

— 

13         i 



1») 

Tibia 

4 

— • 

— 



4 

Total 

34 

3 

21 

2 

60 

1.  Loss  of  Substance  as  the  most  important  Factor  in  the  Production  of  Non-union 
of  Gunshot  Fractures. — This  cause  is  the  most  important,  and  accounts  for  more  cases  than 
all  the  others  put  together,  \iz.,  34  (56-6  per  cent).  In  the  bones — e.g.,  the  radius,  ulna, 
and  tibia — where  there  is  another  parallel  bone  which  maintains  the  length  of  the  limb  and 
prevents  contraction  from  bringing  about  a  closure  of  the  gap,  the  reason  for  loss  of  sub- 
stance leading  to  non-union  is  obvious.  \\Tiatever  may  be  our  conceptions  as  to  osteo- 
genesis, we  cannot  be  blind  to  the  fact,  that  in  the  adult  a  gap  in  one  of  the  long  bones 
remains  unfilled  by  new  bone  in  a  large  number  of  cases.     Neither  the  periosteum   nor 
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the  cut  ends  of  the  injured  bones  produce  any  appreciable  callus  repair.  In  fact  I  would 
go  so  far  as  to  say  that  I  have  seen  no  evidence  of  the  reconstruction  of  the  diaphysis  of 
an  adult  bone  when  a  considerable  portion  of  it  has  been  removed.  And  this  in  spite  of 
the  fact  that  I  have  been  looking  for  such  evidence  very  closely,  and  asking  for  it  from 
others.  It  is  impossible  to  say  to  what  extent  the  loss  of  bone  is  actually  occasioned  by 
the  original  wounding  missile,  or  how  far  it  has  been  due  to  primary  surgical  interference, 
or  to  later  sepsis  ;  but  there  can  be  no  doubt  that  in  a  great  many  cases  the  bone  has  been 
very  freely  sacrificed  by  operative  attack,  as  is  shown  by  clean  sawn  ends,  and  also  by 
statements  on  the  field  cards,  such  as  "Bone  fragments  freely  removed,"  etc.  It  would 
be  quite  unfair  to  criticize  such  treatment  without  knowing  the  circumstances  which 
appeared  to  justify  it,  and  I  have  no  doubt  that  rapid  clean  healing  has  often  been  pro- 
moted thereby,  and  that  limbs  and  even  lives  have  been  saved  which  would  have  been  lost 


FK!S.  175,  l76.^Riifht  and  left  femurs  of  an  officer  who  fractured  both  thighs  and  his  skull  in  a  fiyins;  accident.  The 
photos  are  taken  four  weeks  after  the  accident,  and  illustrate  the  rapid  formation  of  callus  under  the  influence  of  constant 
movement.  The  patient  w;is  delirioas  and  violent  for  all  this  period,  and  was  treated  by  20  lb.  weight  extension  applied 
by  tibial  transfixion  to  each  leg.  He  obtained  a  perfect  functional  result,  and  was  able  to  play  tetmis  four  montiis 
after  iniurv. 


by  more  conservative  methods.  But  it  is  useless  to  shut  our  eyes  to  the  fact  that  this 
free  removal  of  bone  does  almost  inevitably  lead  to  an  ununited  fracture  which  causes  a 
very  prolonged  loss  of  function  and  which  requires  a  most  difficult  and  uncertain  operative 
treatment  for  its  final  restitution. 

It  must  be  observed  here  that  the  present  series  of  cases  does  not  include  any  which 
have  recovered  apart  from  definite  reconstructive  operations,  the  reason  being  that  one 
cannot  draw  the  line  between  many  cases  of  merely  delayed  union  and  those  which  are 
really  cases  of  non-union.  Thus,  we  have  had  a  large  number  of  cases  of  fracture  the 
union  of  which  was  delayed  by  sequestra,  and  in  which  rapid  union  took  place  after  the 
removal  of  the  dead  bone.  This  observation  leads  to  the  conclusion  that,  whilst  primary 
removal  of  all  loose  fragments  is  likely  to  cause  an  ununited  fracture,  if  the  case  is  freely 
drained  and  properly  immobilized,  and  left  until  the  dead  bone  is  naturally  differentiated 
from  the  living,  before  the   removal    of   sequestra,   natural   union    will  generally  occur. 
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It  is  a  monstrous  misuse  of  terms  and  a  flagrant  begging  of  the  question  to  call  all  loose 
fragments  of  bone  in  a  comminuted  fracture  "sequestra,"  and  to  teach  that  primary'  sub- 
periosteal sequestrectomy  should  be  the  treatment.  I  have  elsewhere  published  a  suffi- 
ciently large  series  of  cases  of  consecutive  gunshot  fractures  of  the  femur  to  demonstrate 
that  the  cases  of  comminution  heal  with  rather  greater  rapidity  than  those  of  a  more  simple 
nature,  and  I  have  also  given  experimental  evidence  to  the  same  effect.  The  present 
study  of  cases  in  which  a  large  removal  of  bone  fragments  has  been  carried  out  is  the 
natural  complement  of  the  experimental  and  clinical  e\idence  as  to  the  importance  of 
the  bone  fragments  in  bringing  about  natural  repair. 

To  sum  up  :  Always  supposing  that  free  drainage  has  been  secured,  with  a  removal  of 
gross  dirt  and  septic  foreign  bodies,  then  the  leaxing  of  bone  fragments  in  a  comminuted 
fracture  is  the  surest  M-ay  of  securing  natural  and  rapid  rejiair,  whilst  removal  of  these 
fragments  is  the  surest  way  of  producing  an  ununited  fracture. 

I  believe  that  it  is  extremely  rare  for  a  piece  of  bone  to  be  severed  from  all  vascular 
supply  by  trauma,  and  I  use  the  term  loose  fragment  as  implying  that  a  piece  of  bone  is 


Fig.  177. — Femur  of  Case  47  treated  by  a  bolted  plate  after  seven  montli^'  uon-imion  due  to  dUplacement.     Perfect 
result,  but  thejplate  had  to  be  subsequently  remove"!  on  account  of  tlie  formation  of  an  abscess. 

separated  from  the  main  shaft  but  not  from  organically  connected  soft  parts.  I  have  no 
belief  in  the  value  of  a  piece  of  bone  separated  from  its  blood-supply  as  an  agent  of  repair, 
and  if  such  separation  is  beyond  all  doubt,  then  surely  the  fragment  is  better  away  from 
a  septic  wound.  But  it  is  far  better  to  wait  for  a  few  weeks  for  natural  differentiation 
of  dead  bone,  than  to  expose  and  search  for  sequestra  by  manipulations  which  endanger 
the  vascular  connections  of  the  fragments  in  question.  Apart  from  the  failure  of  the  wound 
to  heal,  there  is  a  ready  method  of  recognizing  'dead  bone"  in  a  fracture,  and  this  is  usually 
available  in  four  to  six  weeks  after  the  receipt  of  the  wound.  It  is  by  means  of  the  x  rays. 
The  region  of  the  injured  bone  rapidly  undergoes  changes  in  density,  all  the  li\ing  bone 
becoming  rarefied,  whilst  the  dead  bone  retains  its  original  opacity. 

The  radius,  ulna,  and  humerus  are  the  three  bones  which  most  often  exhibit  non- 
union from  loss  of  substance.  In  the  case  of  the  two  former,  when  the  fellow  bone  is 
intact,  the  explanation  is  that  contraction  cannot  take  place.  With  the  humerus,  it  is 
the  weight  of  the  arm  which  prevents  this  contraction,  and  it  is  not  easy  to  de\ise  a  suit- 
able splint  or  sling  which  will  obviate  this  whilst  allowing  of  the  daily  dressing.  One  of 
two  de\nces  may  be  employed,  either  an  abduction  arm  splint  in  which  the  humerus  is 
kept  almost  in  a  horizontal  plane,  or  else  a  special  wire  cradle  splint  by  which  the  forearm 
is  slung  to  the  shoulder.  The  former  is  suitable  for  fractures  of  the  upper,  and  the  latter 
VOL.  VI. — xo.  22.  15 
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for  those  of  the  middle  and  lower,  portions  of  the  shaft.     The  tibia  is  not  so  frequently 

the  seat  of  an  ununited  fracture  from  loss  of  substance,  because  usually  the  fibula  is  also 

broken  either  primarily  or  secondarily,  and  this  allows  of  the  apposition  of  the  broken 

surfaces.     In  the  case  of  a  small  gap  in  the  tibia  with  a  large  anterior   wound   which 

will   make  grafting  difficult,  it  is  better  to   do   an  osteotomy   of  the  fibula   at   an   early 

stage,    so    as    to    get    the    tibial    fragments 

together  before  sclerosis  has  occurred.     The 

femur    is    rarely   the    seat    of    an    ununited 

fracture  due  to  a  loss  of  substance,  because 

the  strong  contraction  of  the  thigh  muscles 

brings  the    bone   ends  together,  and    if  the 

loss  is   not   more  than    1^  in.,   and    if   care 

be    taken    to    secure    correct    alinement,     I 

think  that  this  natural  mode  of  cure  should 

be  encouraged. 


^ 


Fig.  178.— Femur  of  Lt.  T.  before  operation. 


Fig.  179. — Same  bone  after  operation.  Tlic  larfie 
loose  fragment  was  twisted  round  and  Ijad  to  be  re- 
placed. It  was  bolted  to  the  upper  fragment,  and  this 
was  then  fixed  to  the  lower  by  a  clipped  plate. 


2.  Necrosis. — This  may  be  regarded  as  a  common  cause  of  delayed  union,  but  a  very 
rare  cause  of  non-union.  The  present  series  only  contains  three  cases,  and  it  is  worth 
considering  the  point  whether,  in  each  of  these,  union  would  not  have  resulted  from  mere 
sequestrectomy.  As  it  was,  in  all  three  cases,  as  healing  had  occurred  for  a  long  time 
without  union  of  the  fracture,  a  reconstructive  operation  was  undertaken.  As  a  first 
step  in  this,  the  loose  fragments  of  bone  were  removed,  and  it  was  easy  to  recognize  that 
thej'  were  really  dead  ;  also  they  lay  in  purulent  fluid.  In  each  case  the  plastic  operation 
failed  to  achieve  immediate  success  but  ultimate  union  occurred — i.e.,  healing  by  second 
intention.  It  is  now  quite  obvious  that  in  these  cases,  and  I  think  probably  in  all  similar 
ones,  the  right  method  of  treatment  would  have  been  to  be  content  in  the  first  place  with 
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removal  of  dead  bone  and  granulation  tissue,  p>ostponing  any  reconstructive  operation 
until  six  months  after  healing  had  occurred,  by  which  time  nearly  all  such  cases  would 
have  undergone  spontaneous  union.  A  ver\-  important  point  in  this  connection  is  the 
fact  that  necrosis  ver>'  seldom  affects  the  ends  of  the  main  fragments  of  a  fracture.  If 
these  ends  became  the  seat  of  necrosis,  then  this  would  be  a  common  cause  of  non-union, 
because  it  is  from  them  that  natural  repair  must  take  place.  We  often  get  cases  in  which 
the  ends  of  the  main  fragments  have  been  sawn  off,  with  the  idea,  no  doubt,  of  removing 
infected  tissue.  But  a.s  these  bones  can  take  care  of  themselves,  and  in  the  process  of 
throwing  off  infection  also  throw  out  reparative  callus,  it  would  seem  to  be  a  strong 


Fig.  180. — -Humerus  of  Case  36  before  operation. 
Xote  the  comminution  and  atrophy  of  the  bone  at  seat 
of  fracture. 


Fig.  181. — The  same  bone  after  step-cut  operation, 
fixed  between  two  aluminium  bolted  plates.  Perfect 
result. 


reason  for  leaving  them  alone.  It  seems  to  me  bad  surgery  to  remove  any  attached 
fragment  from  a  comminuted  fracture  ;  but  it  is  still  worse  to  cut  off  the  ends  of  the 
main  fragments. 

3.  Gross  Displacement  as  a  Cause  of  Non-union. — In  35  per  cent  of  the  cases,  non- 
union was  due  to  displacement  of  the  main  fragments.  Such  displacement  may  bring 
about  non-union  in  a  variety  of  ways^ — e.g.,  the  interposition  of  muscle  and  tendons  ;  the 
wrapping  round  of  the  raw  bone  end  in  periosteum  or  fascia  ;  or  the  placing  of  a  wide 
interval  between  the  fragments,  which  becomes  filled  with  dense  scar  tissue.  Non-union 
of  fractures  results  from  displacement,  for  the  same  reason  that  it  does  firom  loss  of  sub- 
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stance — that  is  to  say,  in  each  case  the  wounded  bone  surfaces  are  removed  too  far  from 
one  another  for  a  caHus  bridge  to  occur  between  them.  It  is  much  less  hkely  to  result 
from  displacement  than  from  loss  of  substance,  because  the  most  frequent  form  of  dis- 
placement is  an  overlapping,  in  which  broad  contact  between  the  fragments  is  retained. 
In  other  words,  if  alinement  is  maintained,  union  will  occur,  even  if  there  is  shortening  ; 
but  if  there  is  marked  angulation,  then  the  bone  fragments  become  sei)aratcd  by  the 
inter\'ention  of  soft  tissues,  and  callus  bridging 
is  prevented. 


FIG.  182. — Radius  and  ulna  of  Case  26  before  operation. 


Fig.  183. — Radius   and  ulna  of   Case  26  imme- 
diately after  plating. 


The  most  striking  instance  of  this  form  of  non-union  is  afforded  by  the  femur,  which 
in  the  present  series,  supplies  13  out  of  21  cases  of  non-union  due  to  displacement.  Three 
of  these  were  fractures  of  the  femoral  neck,  and  possibly  these  should  be  placed  in  a  cate- 
gory by  themselves,  because  the  cause  of  non-union  is  rather  the  primary  interposition 
of  the  joint  capsule  than  gross  displacement.  I  do  not  think  that  any  postural  or  splint 
treatment  will  prevent  non-union  in  such  cases,  and  a  reconstructive  operation  should  be 
done  as  soon  as  a.sepsis  is  secured. 

F'ive  were  cases  of  fracture  just  below  the  trochanters,  and  in  these  the  upper  frag- 
ment was  so  tilted  forward  and  outward  that  there  was  no  contact  with  the  shaft.     Five 
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were  fractures  of  the  middle  of  the  shaft,  in  which  the  lower  fragment  had  sagged  back- 
wards with  some  amount  of  adduction.  One  was  at  the  lower  end,  in  which  the  lower 
fragment  was  flexed  at  the  knee  so  as  to  lie  behind  the  shaft  and  at  an.  angle  to  it.  All 
these  varieties  of  displacement  non-union  of  the  shaft  of  the  femur  are  promoted  by  the 
limb  having  been  incorrectly  immobilized  in  the  first  place.  It  should  be  placed  in  the 
natural  position  of  muscular  relaxation — i.e.,  A^ith  the  hip  and  knee  semiflexed  and  the 
thigh  abducted.  In  this  way  can  the  main  fragment  best  be  brought  into  line  with  the 
upper  piece  which  is  tilted  forwards  and  outwards,  or  the  lower  piece  which  is  tilted  back- 


Fig.  184. — Radius  and  ulna  of  Case  26  eight 
months  after  plating,  showing  non-union  of  fracture 
and  pulling  out  of  sorev.s. 


Fig.  185. — Same  case  three  months  after  double  step- 
cut  operation. 


wards.  Then,  if  in  this  position  efficient  pin  extension  be  adopted,  full  length  as  well  as 
alinement  will  be  attained,  and  under  these  conditions  I  have  never  seen  the  occurrence 
of  non-union  of  the  femur. 

I  might  mention,  in  passing,  that  this  transfixion  extension  is  best  carried  out  in  the  following 
manner.  °The  tibia  is  transfixed  just  behind  and  below  the  tubercle  by  a  pin  4  in.  long  and  ^  in. 
thick.  The  leg,  in  the  position  of  flexion  of  thigh  and  knee,  is  then  slung  either  to  a  Balkan  splint, 
Hodgen,  or  wire  cradle,  and  extension  of  about  20  lb.  applied.  Counter-extension  is  made  by  a 
padded  perineal  band  applied  round  the  sound  thigh,  and  this,  by  tilting  the  pelvis  up  on  the  sound 
side,  assures  abduction  of  the  fractured  femur.  The  great  advantage  of  the  tibial  site  of  transfixion 
is  that  it  concerns  dense  avascular  bone,  and  not  the  soft  cancellous  bone  of  the  lower  end  of  the 
femur.  The  pin  can  be  left  in  place  for  two  or  three  months,  where  it  remains  quite  firmly.  If  the 
transfixion  site  becomes  a  septic  seton  track,  it  is  so  superficial  that  it  is  easily  treated,  and  it  does 
not  lead  into  connective-tissue  planes  like  those  of  the  thigh.  As  the  main  object  of  extension 
of  the  thigh  in  fractured  femurs  is  to  overcome  the  contraction  of  the  quadriceps  and  hamstrings, 
and  as  the  insertion  of  these  is  into  the  heads  of  the  tibia  and  fibula,  the  tibial  transfixion  site  is 
well  calculated  to  act  with  maximum  result  upon  the^e  muscles. 
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'  I  am  glad  to  learn  from  all  published  accounts  that  suspension,  weight  extension, 
and  the  flexed  position  of  the  joints  have  now  been  generally  adopted  in  the  Service  ; 
but  unfortunately  many  cases  are  still  put  up  in  the  straight  position,  and  merely 
tied  to  a  splint,  and  I  cannot  urge  too  strongly  that  this  involves  a  great  danger  of 
uncorrected  displacement  and  non-union,  especially  in  fractures  of  the  upper  and 
lower   ends   of  the    femur. 

Apart  from  these  injuries  of  the  femur,  there  is  one  other  type  of  fracture  in 
which  displacement  commonly  leads  to  non-union,  and  that  is  in  lesions  of  the  shaft 
of  the  radius,   where  the  distal   fragment   is   pulled   inwards   and  is   liable  to   become 


Fio.  180.— Diajjram  of  step-cut  operation  for  ununited  humerus. 


attached  to  the  shaft  of  the  ulna.  Such  a  case  will  usually  require  a  reconstructive 
operation  eventually  ;  and  whilst  primary  healing  is  occurring,  all  that  can  be  done 
i.s   to   maintain   supination   of  the   forearm   with   adduction   of  the   hand. 

4.  Eburnation  as  a  Cause  of  Non-union.^ — The  present  series  contains  two  instances 
of  this  phenomenon.  It  is  so  well  known  as  a  complication  of  plating  operations 
that  it  has  been  made  the  basis  of  the  suggestion  that  all  such  procedures  should  be 
replaced  by  the  sliding-graft  operation  devised  by  Albee.  I  will  return  to  this 
matter  later  on  in  another  connection,  and  in  the  meantime  it  is  enough  to  empha- 
size the  fact  that  operative  treatment  of  fractures  may,  under  certain  conditions,  be 
an    actual    cause    of  non-union.      I    have    illustrated    such    a    condition   experimentally 
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and  the  two  instances  in  the  present  series  are  also  perfectly  typical.  The  ends  of 
the  bone  are  exposed  and  partly  deprived  of  their  vascular  supply  by  separating 
them  from  the  soft  tissues.  Then  they  are  fixed  to  an  internal  splint,  which  does 
not  necessarily  press  the  raw  surfaces  together,  but,  on  the  contrary,  often  holds 
them  apart.  The  bones,  being  deprived  of  the  natural  stimulus  of  contact  and  fric- 
tion, and  having  their  blood-supply  diminished,  do  not  throw  out  callus  in  normal 
amount.  Then,  when  muscular  strain  is  allowed  to  fall  upon  the  bone,  its  effect 
is  to  loosen  the  screws  in  one  fragment  or  the  other,  and  this  usually  occurs  before 
the  delayed  callus  union  has  been  effected.  At  this  period  the  bone  ends  are  indolent 
and  eburnated,  and  non-union  is  the  result.  I  do  not  suggest  that  this  is  the  usual 
result  of  plating  operations,  but  it  is  a  sufficiently  common  one  to  be  a  matter  of 
importance.  It  is  likely  to  occur  in  proportion  to  the  conditions  which  favour  slow- 
ness of  callus  union.  That  is 
to  say,  it  is  probable  in  feeble 
conditions  of  vitality  and  of 
circulation,  in  those  situations 
where  there  is  a  constant 
muscular  strain  tending  to 
angulation,  and,  above  all, 
when  plating  is  done  at  ^ 
long  period  after  the  original 
injury,  when  eburnation  of 
the  bones  has  already  set  in. 
If  I  am  correct  in  these  state- 
ments, then  it  would  follow 
that  plating  of  the  ordinary 
kind  is  especially  unsuited  for 
the  treatment  of  ununited 
fractures. 

The  Influence  of  Sepsis 
and  Mobility.  —  It  will  be 
noted  that  I  have  not  in- 
cluded either  sepsis  or  mobil- 
ity among  the  causes  of  non- 
union of  fractures.  This  is 
for  the  reason  that,  after  the 
most  careful  consideration,  I 
cannot  find  evidence  of  either 
of  these  conditions  acting  in 
this  manner.  Of  course,  a 
fracture  will  not  unite  whilst 
acute  infective  inflammation 
is  in  progress  ;   but  when  this 

has  been  checked  by  drainage  and  the  natural  processes  of  tissue  resistance,  then  the 
mere  persistence  of  a  local  sepsis  does  not  cause  non-union  of  the  fracture.  The  more 
quickly  and  the  more  thoroughly  sepsis  is  removed,  the  quicker  and  better  will  be  union 
of  the  bones.  But  late  union  of  the  bones  does  occur  in  the  presence  of  sepsis,  and 
is,  indeed,  simply  a  part  of  the  phenomenon  of  union  by  granulation  tissue. 

Neither  is  mobility  of  a  restricted  type  a  cause  of  non-union.  By  restricted, 
I  mean  mobility  which  does  not  dislocate  the  ends  of  the  bone  from  contact  with 
one  another.  I  lately  had  a  remarkable  illustration  of  the  way  in  which  mobility 
actually  encourages  rapid  union.  A  flying  officer  sustained  a  fracture  of  the  base  of 
his  skull  and  a  fracture  of  both  femurs.  He  was  put  up  in  two  cradle  splints 
with  weight  extension  applied  by  tibial  transfixion  ;  but  for  more  than  four  weeks 
he    was   very    delirious    and   restless,    and    in    spite    of    sedatives   he    moved    his    legs 


Fig   187. — Diagram  of  step-cut  operation  for  radius  and  ulna. 
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incessantly,  so  that  the  two  weights  were  pulled  up  and  down  on  their  pulleys  with 
the  most  menacing  regularity.  Fortunately  his  mind  made  a  rapid  recovery,  and 
the  femurs  united  flrmly  in  six  weeks,  whilst  he  was  able  to  walk  in  eight  weeks, 
and  pL-iv  tennis  in  four  months.  (Figs.  175  and  176.)  Similarly,  I  find  in  all  fractured 
femurs  that  movements  of  the  knee  and  hip  carried  out  from  the  third  week  onwards, 
with  massage,  greatly  hasten  and  assure  good  union.  This  can  be  carried  out,  when 
the  limb  is  slung  in  a  semiflexed  position  and  alinement  maintained  by  weight  ex- 
tension, in  a  way  which  no  other  method  that   I   know   of  allows. 


Fif;.  188. — Humeras  of  Case  .35  before  oi)eration. 


Fig.    189. — -Same  bone  successfully  united  by  step-cut 
operation. 


One  more  point  may  be  mentioned  in  this  connection.  If  an  excision  of  an 
ankylosed  joint  is  performed,  then  ultimate  mobility — i.e.,  non-union — will  be  best 
secured  by  absolute  rest  for  several  weeks,  followed  by  only  the  gentlest  movements. 
On  the  other  hand,  if  anything  like  forcible  (i.e.  painful)  movements  be  undertaken 
at  an  early  stage,  then  re-ankylosis  will  probably  occur.  This  is  only  another  illustra- 
tion of  the  fact  that  restricted  mobility  causes  rather  than  prevents  bone  growth, 
whether  in   the   shaft   of  a   bone   or  at   its  joint   extremities. 

The  Natural  Course  of  Ununited  Fractures. — It  is  of  some  importance  to  inquire 
what  would  be  the  result  of  leaving  ununited  fractures  to  the  course  of  nature. 
If  the   ends   of  the   bone   are   separated    by   a   considerable   distance,   either   from    loss 


TREATMENT    OF    UNUNITED    FRACTURES        213 

of  substance  or  by  displacement,  it  is  almost  certain  that  union  will  never  occur. 
This  for  two  reasons :  first,  that  new  bone  is  not  laid  down  in  adult  tissue  except  as 
a  thin  layer  covering  the  bone  wounds ;  and  second,  that  these  wounded  bone  sur- 
faces soon  become  wrapped  round  in  a  dense  avascular  connective-tissue  envelope 
which  seals  up  the  little  osteogenic  impulse  which  first  existed.  It  must  be  admitted, 
however,  that  it  is  extremely  difficult  to  be  certain  about  the  behaviour  of  the  bone 
in  any  given  case,  so  that  it  is  always  wise  to  wait  for  a  long  time  before  deciding 
that  union  is  not  going  to  occur  by  natural  means.  During  this  waiting  period  the 
various   well-known   methods   of  stimulating   osteogenesis   may   be   tried.     These   are — 


YHi.  Uiii. — ilumtru^  of  Ca^t 
operation. 


I'li;.  lyl. — Same  boiie  t'.vo  wctk--  luter.  shoninij 
the  breaking  away  of  the  step  trom  the  upper  fras- 
ment.  Tiiis  would  hare  been  avoided  by  the  addition 
of  a  plate  as  in  Cafe  36,  Fig.  181. 


in  their  order  of  usefulness — movement,  passive  congestion,  percussion,  and  injection 
of  various  fluids.  In  my  own  experience,  the  first  three  of  these  methods  will  almost 
invariably  succeed  in  producing  union  in  all  cases  where  there  is  actual  bone  contact 
between  the  main  fragments,  supposing  that  their  application  has  not  been  too  long 
delayed.  They  are  quite  useless,  however,  in  regard  to  osteogenesis  when  there  is  a 
large  gap  between  the  bone  ends,  though  they  do  something  to  preserve  vascularity 
and   function. 

In  all  doubtful  cases,  i.e.,  where  the  separation  of  the  bone  fragments  is  definite 
but  small,  then  decision  between  expectant  and  operative  treatment  must  depend 
upon  the  amount  of  deformity  which  will  result  from  the  former,  and  the  prospect  of 
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correcting  it  by  the  latter.  So  long  as  infection  or  its  results  have  to  be  got  rid  of, 
and  there  is  definite  evidence  of  recovery  of  continuity  by  the  bone  and  of  function 
by  the  muscles,  then  the  time  of  waiting  is  all  a  gain.  On  the  other  hand,  if  there 
is  no  continuity  restored  in  the  bone  (and  this  applies  especially  to  single  bones,  e.g., 
the  humerus  or  the  femur),  then  prolonged  waiting  does  definite  harm.  This  is  due 
to  two  circumstances  :  First,  the  bone  itself  undergoes  changes  which  are  prejudicial 
to  a  reconstructive  operation  ;  the  fragments  always  suffer  from  atrophy  or  sclerosis, 
and  in  each  case  this  involves  a  diminution  both  of  vascular  supply  and  of  bone- 
forming  cells.  Secondly,  the  soft  tissues  all  suffer  from  the  loss  of  their  normal  skeletal 
support ;  the  muscles  waste  and  lose  their  function,  and  the  nerves  are  often  so 
dragged   upon   as   to   be   incapable   of  conduction.     Therefore,  whilst    I    advise   waiting 

where  there  is  prospect  of  natural  recovery, 
I  would  deprecate  this  in  other  cases  where 
there  is  great  loss  of  function,  deformity, 
and   no  prospect  of  callus  union, 

II,  NON-OPERATIVE  METHODS  OF 
TREATMENT. 

I  have  already  mentioned  those  means  of 
hastening  the  union  of  indolent  fractures 
which  are  of  most  service.  They  are  passive 
congestion,  percussion  massage,  and  move- 
ments both  passive  and  active.  But  I  do  not 
think  that  any  of  these  methods  are  of  much 
avail  in  genuine  cases  of  non-union — that  is 
to  say,  in  those  where  the  bone  ends  are 
separated  by  dense  scar  tissue  or  by  soft 
tissues.  Such  methods  ought  to  be  applied 
comparatively  early  in  the  course  of  any  given 
case,  at  a  time  when  cellular  proliferation  is 
still  a  potential  factor,  and  before  all  bone 
canals  are  superficially  closed  and  all  inter- 
mediate tissue  is  converted  into  dense  scar. 
They  ought  to  be  regarded  rather  as  methods 
of  prevention  of  non-union  than  of  cure. 

Passive  congestion  is  a  method  of  the 
greatest  possible  value  in  expediting  the  heal- 
ing of  a  fracture.  It  may  be  applied  in  two 
ways  :  either  by  tying  a  piece  of  drainage 
■tube  above  and  below  the  seat  of  fracture 
(Thomas) ;  or  by  the  use  of  a  flat  rubber 
bandage  applied  above  the  injured  portion  of  the  limb  (Bier).  Each  method  has  its 
own  advantages.  Thomas's  method  produces  a  more  local  congestion,  but  in  the  fore- 
arm and  below  the  knee  it  has  the  drawback  of  tending  to  displace  the  parallel  bones 
towards  one  another.  Bier's  method  produces  a  more  massive  congestion,  but  requires 
more  skill  and  judgement  in  its  application.  It  is  especially  suitable  for  the  forearm 
or  leg  bones,  and  for  any  case  with  extensive  wounds. 

Another  method  which  acts  by  encouraging  local  congestion  is  the  application  of 
a  light  plaster-of-Paris  bandage,  provided  with  a  window  opposite  the  wound.  This 
should  be  applied  with  the  limb  raised,  and  when  it  has  set,  the  limb  is  lowered  and 
used.  Local  oedema  of  the  parts  at  the  window  is  produced,  with  a  temporary  increase 
of  discharge.  The  limb  can  be  used,  and  this  promotes  the  circulation  and  also  some 
frictional  stimulation  of  the  bone  ends. 

Deep  and   percussion   massage  should   be  used    in  all   cases    where  mobility  at  the 


FIG.  192. — Humeras  of  Case  34,  united  over  a  short 
ivory  i)eg  with  successful  result. 
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seat  of  fracture  j)ersists  unduly.  The  presence  of  pain  during  manipulation  is  a 
useful  guide  in  this  matter.  In  the  early  stages  of  normal  fracture  recover^',  any 
attempt  to  move  the  bone  is  accompanied  by  pain,  and  such  should,  in  my  opinion, 
be  most  carefully  avoided.  Later  on,  however,  if  the  fracture  has  assumed  an  indo- 
lent condition,  manipulation  is  painless  ;  and  this  is  an  indication  that  deep  massage, 
and   even   friction   of  the   bone   ends  together,   should   be  carried  out. 

The  role  of  movements  in  the  treatment  of  fractures  has  been  emphasized  quite 
rightly  by  Lucas-Championniere.  But  movements  must  be  regulated  by  two  condi- 
tions :  they  must  be  painless,  and  must  not  tend  to  displace  the  fragments  from  one 
another  or  to  alter  the  alinement  of  the  bone.  Passive  and  active  movements,  most 
carefully  adjusted  for  each  case,  should  be  carried 
out  as  soon  as  these  can  be  done  without  causing 
pain  or  moving  the  fragments.  Then,  when  a  fair 
degree  of  consolidation  has  occurred,  a  suitable  case 
splint  is  applied  and  purposive  functional  move- 
ments encouraged.  I  have  never  seen  a  case  of 
the  non-union  of  a  fracture  which  could  be  attri- 
buted to  such  movements,  but  I  have  seen  many 
in  which  delayed  union  was  due  to  the  opposite 
condition,  i.e.,  to  rigid  immobility.  The  great 
danger  of  early  mobilization  of  fractures  lies  in  the 
liability  of  the  bending  of  soft  callus  union,  and 
this  must  be  recognized  and  prevented  by  suitable 
splinting  or  posture. 

There  are  four  situations  in  which  this  danger 
should  always  be  guarded  against :  (IJ  In  the  upper 
end  of  the  humerus,  the  bone  becomes  angulated 
outwards,  and  this  can  be  prevented  by  keeping 
the  arm  in  an  abduction  frame.  (2)  In  the  radius, 
there  is  always  a  tendency  to  pronation,  which  must 
be  prevented  by  a  supination  splint  taking  its 
bearing  above  the  elbow-joint.  (3)  At  the  upper 
end  of  the  femur,  there  is  a  tendency  to  angulation 
outwards,  and  this  often  persists  in  gunshot  frac- 
tures for  twelve  months  after  the  original  injur^-. 
It  must  be  fully  corrected  in  the  first  place  by 
efficient  extension  in  a  position  of  flexion  and 
abduction  of  the  thigh,  and  then  maintained  by 
some  form  of  rigid  metal  splint  on  the  outer  side 
of  the  leg,  which  is  firmly  fixed  above  to  the  pehis 
and  below  to  the  condyles  of  the  femur.  (4)  There 
is  a  tendency  to  a  backward  sagging  of  the  middle 

of  the  femur  in  fractures  of  the  shaft  of  that  bone.  This,  again,  must  be  first  corrected 
by  suitable  cradling  combined  with  extension,  and  then  maintained  by  a  light  case  splint 
suitably  supported  to  the  opposite  shoulder.  A  rule  of  safety  is  to  use  a  walking  caliper 
splint  for  all  gunshot  fractures  of  the  femur  for  six  months  after  union  has  taken  place. 


Fli,.    r.':;. —  Ft-niur  of   Cate  -I9   suc-oerwfully 
uuited  over  an  ivory  peg. 


Operative  Measures  which  aim  at  Callus  Production  without  Suture  of  the  Bone. 

— ^There  have  been  many  proposals  to  attempt  callus  stimulation  without  fxjne  suture. 
They  consist  in  needling  the  bone  ends,  injection  of  blood  or  of  fibrin,  the  insertion 
of  magnesium,  or  the  drilling  of  the  fragments.  Xo  doubt  all  these  have  a 
certain  value  ;  but  from  a  practical  standpoint  in  dealing  with  really  ununited  frac- 
tures they  are  unsatisfactory.  Based  upon  exj>erimental  e\-idence  they  are  liable  to 
fail,  for  the  conditions  of  an  ununited  fracture  are  different  from  those  which 
obtain  in  experimental  conditions  ;    that  is  to  say,  there  exists  a  sclerosis  both  of  the 
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bone  and  soft  parts  in  vniunited  fractures  which  is  not  present  in  animal  experiments. 
Clinically,  therefore,  these  methods  either  do  too  much  or  too  little  ;  they  are  super- 
fluous or  they  are  futile.  If  sclerosis  of  the  tissues  is  not  present,  then  the  methods 
of  congestion,  deep  massage,  and  limited  movement  will  sulTice  ;  if  it  does  exist, 
and  if  an  open  operation  is  necessary,  then  something  more  certainly  eflicacious  is 
indicated.  Multiple  drilling  of  the  bone  fragments  after  removal  of  the  scar  tissue  is 
certainly  the  best  of  these  callus-stimulating  devices  ;  but  it  will  only  succeed  where 
there  has  been  no  loss  of  bone  substance  and  no  gap  to  be  filled. 

III.    CONSIDERATIONS    PRELIMINARY    TO    OPERATIVE    TREATMENT. 

In  every  case  of  ununited  fracture  there  is  one  of  three  principal  causative 
factors — either  a  gap  in  the  bone,  an  interposition  of  soft  parts,  or  an  indolence  of 
the  bone  ends.  The  last-named  factor  is  one  of  great  importance,  because  it  arises 
in  every  case  sooner  or  later,  whether  it  is  a  primary  condition  or  not.  It  may 
actually  arise  from  the  other  two  conditions — namely,  want  of  continuity  or  the  inter- 
position of  soft  parts — or  it  may  be  caused  by  septic  inflammation,  which  brings  about 
a  filling  up  of  the  vascular  canals  of  the  bone  and  a  covering  of  its  surface  with  scar 
tissue.  Indolence  of  the  ends  of  a  fractured  bone  may  take  the  form  either  of  atrophy  or 
sclerosis.  Atrophy  is  most  conspicuous  when  there  is  a  gap  in  the  continuity  of  the 
bone,  sclerosis  when  there  has  been  marked  septic  inflammation.  But  in  either  case  the 
condition  of  the  bone  ends  with  which  it  is  desired  to  bring  about  union  is  very 
unsatisfactory.  Either  there  is  a  shaft  of  a  bone  which  consists  of  a  mere  thin  shell 
filled  with  fatty  marrow,  or  else  there  is  a  dense  avascular  substance  which  is  best 
described  as  bone  scar  tissue.  Such  bones  will  not  throw  out  callus  in  the  normal 
way  however  they  are  treated,  and  all  the  non-operative  methods  of  treatment  are 
therefore  likely  to  fail.  Similarly,  other  methods  which  merely  aim  at  suture  of  the 
bone,  without  providing  for  the  removal  and  replacement  of  this  unhealthy  tissue, 
will  also  fail,  and  this  must  be  one  of  the  cardinal  facts  to  be  borne  in  mind  in  the 
consideration   of  all   operative   procedures. 

Before  describing  and  discussing  the  various  operative  methods  which  are  available 
for  ununited  fractures ,  it  will  be  necessary  to  consider  various  conditions  of  the  tissues 
which  exist,  esjjecially  in  cases  of  gunshot  injury,  together  with  some  general  technical 
principles.  Upon  a  correct  appreciation  of  these  conditions  and  principles  will  depend 
the  choice  of  cases  for  operation,  the  determination  of  the  best  period  for  operation,  the 
selection  of  the  type  of  operation,  and  finally,  in  a  large  measure  the  success  or  failure 
of  the  operative  treatment.  These  various  factors  may  be  summarized  as  follows  :  (1) 
Latent  sepsis  ;  (2)  Scar  tissue  (skin,  soft  tissues,  bone)  ;  (3)  Vascularity ;  (4)  Functional 
conditions  of  muscles,  nerves,  and  joints  ;    (5)  Aseptic  technique  ;    (6)  Immobilization. 

1.  Latent   Sepsis. — It  would    be  out    of  place    here   to  enter  into  the  very  difficult^ 
problem  of  septic  infections  of  wounds  and  the  possibilities  of  their  sterilization  and  suture. 
But  it  is  necessary  to  emphasize  most  strongly  certain  facts  which  have  been  repeatedly 
urged,  and  which,  though  difficult  to  understand,  nevertheless  lead  to  plain  conclusions. 

Whatever  may  be  the  possibility  of  sterilizing  wounds  of  the  soft  parts  and  of  the 
bones  in  the  early  stages  of  their  existence,  this  possibility  has  vanished  at  a  late  period. 
From  this  it  follows  :  (1)  That  the  most  important  problem  of  military  surgery  still 
consists  in  an  early  and  thorough  treatment  of  the  wounds  so  as  to  allow  of  primary  or 
delayed  primary  suture  ;  and  (2)  That  if  this  has  not  been  done,  then  a  very  long  interval 
must  be  allowed  to  elapse  before  reconstructive  operations  are  undertaken,  in  order  that 
natural  processes  of  reaction  against  infective  organisms  may  be  complete.  We  have  long 
been  familiar  with  the  idea  of  latent  infection,  particularly  in  the  case  of  tuberculosis.  , 
We  knew  that  the  so-called  cure  of  a  tuberculous  disease  was  often  only  a  comparative 
term,  and  that  any  violent  trauma  such  as  that  entailed  by  wrenching  a  tuberculous  joint 
would  almost  certainly  lead  to  a  violent  recrudescence  of  the  infective  disease.  Just  so 
it  is  with  limbs  which  have  for  weeks  or  months  been  subject  to  pyogenic  infection.     In 
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proportion,  probably,  to  the  length  of  time  that  infection  is  known  to  have  existed,  will  be 
the  period  necessary  for  the  infective  agent  to  be  eliminated,  even  after  the  outward  signs 
of  infection — i.e.,  inflammation  or  an  unhealed  sinus—  have  disappeared.  The  probability 
of  latent  infection  and  the  length  of  its  duration  in  any  given  case  is  in  proportion  to  : 
(1)  The  extent  of  the  primary  wound  and  its  degree  of  infection  ;  (2)  The  amount  of  scar 
tissue  deposited  in  the  tissues  ;  (3)  The  length  of  time  during  which  manifest  infection  is 
known  to  have  been  present  ;  (4)  The  extent  of  bone  involvement.  This  latent  infection 
will  I  be  slight  and  transient  in  a  clean  through-and-through  wound  which  has  quickly 
healed,  and  it  will  be  great  and  of  long  duration  in  an  open  lacerated  wound  which  has 


Fig. 


194. — -Femur  of  Case  58.  ununite<l  after  sixteen 
months.     Note  the  atrophy  of  the  bones. 


Fig.  195. — The  same  bone  united  over  a  long  steel  stmt 
introduced  from  the  tip  of  the  srreat  trochanter. 


slowly  healed  with  a  deposit  of  much  scar  tissue  ;  and  of  all  wounds,  those  which  have 
opened  up  and  comminuted  large  tracts  of  bone  tissue  will  be  those  which  harbour  latent 
sepsis  the  longest. 

It  has  been  generally  accepted  that  a  period  of  three  months  should  elapse  between 
the  healing  of  a  septic  wound  and  the  undertaking  of  any  reconstructive  operation.  This 
may  be  a  good  working  rule,  but  I  think  should  be  regarded  as  a  minimum,  to  be  increased 
when  there  has  been  a  large  wound,  much  scar  tissue,  and  much  bone  involvement.  I  feel 
it  to  be  especially  incumbent  upon  me  to  emphasize  these  points,  because  I  was  originally 
very  sceptical  about  them,  and  as  a  result  I  have  had  many  failures,  which  duly  appear 
in  the  present  series.     I  may  briefly  refer  to  some  of  these  cases  in  this  connection. 
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Case  54. — A  fracture  of  the  lower  end  of  the  femur,  in  which  the  distal  fragment  was  tilted 
backwards  almost  at  right  angles.  The  patient  suffered  much  pain  owing  to  the  pressure  of  this 
fragment  upon  the  popliteal  nerves  and  vessels.  He  had  two  clean  granulating  wounds,  and  a 
febrile  temperature.  It  was  three  months  since  the  date  of  his  wound.  Through  two  lateral 
incisions  I  restored  the  alinement  of  the  bone,  and  fixed  it  by  double  bolted  plates.  The  operation 
was  very  difficult  owing  to  adhesion  between  the  lower  bone  fragment  and  the  vessels  in  the 
ham,  the  separation  of  which  caused  great  bleeding.  lie  developed  septic  moist  gangrene  of  the 
foot,  and  after  amputation  at  the  fracture  had  been  performed,  tetanus  supervened,  from 
which  he  only  recovered  after  a  desperate  struggle. 

Cases  1,  2,  3,  10,  14. — These  are  examples  of  cases  treated  by  bone  grafting  at  compara- 
tively short  intervals  after  the  healing  of  the  wounds.  Failure  followed  in  all,  and  either 
another  operation  will  have  to  be  done,  or  a  permanent  disability  be  allowed  to  remain. 


It  may  be  asked  why  these  compara- 
tively early  operations  were  performed. 
My  answer  is,  that  I  thought  the  occurrence 
of  healing  was  proof  of  the  end  of  infection, 
and  that  by  not  delaying  operation  too  long 
there  would  be  a  heightened  resistance  to 
infection,  and  the  minimum  of  atrophy  of 
vessels  and  muscles.  But  it  is  evident  that 
such  theoretical  anticipations  are  not  borne 
out  by  the  facts ;  and  until  some  new 
method  of  sterilizing  the  tissues  is  intro- 
duced, the  dominating  consideration  must 
remain,  that  every  septic  case  retains  latent 
sepsis  long  after  healing  of  the  wound,  and 
that  any  attempt  to  save  time  by  hurrying 
on  a  reconstructive  operation  will  defeat  its 
own  object :  so  that  by  not  waiting  for 
three  months  at  first,  one  may  have  to 
wait  for  a  year  or  more  later,  before  final 
success  can  be  achieved. 

When  the  wounds  have  soundly  healed, 
it  is  not  enough  to  wait  passively  for  three 
or  four  or  six  months  ;  but  during  this  time 
active  and  passive  congestion  must  be  en- 
couraged by  heat,  deep  massage,  and  inter- 
mittent bandaging  with  rubber  tubes.  The 
functions  of  the  nerves,  muscles,  and  joints 
must  be  retained  as  far  as  possible  by 
electrical  stimulation  and,  above  all,  by 
purposive  movements, 

2.  Scar  Tissue. — Second  only  in  im- 
portance to  autogenous  infection  by  latent 
sepsis  as  a   cause  of  failure  is  the  presence 

of  large  masses  of  scar  tissue  on  the  surface  and  in  the  depths  of  the  wound. 
Probably  the  infective  agents  become  encapsuled  in  the  scar  tissue,  just  as  happens 
in  the  healed  tuberculous  foci  of  a  phthisical  lung.  Not  only  is  scar  tissue  resulting 
from  a  septic  wound  to  be  regarded  as  a  germ  envelope,  but  also  it  is  a  tissue  of  very 
low  resistance  to  extraneous  infection.  The  most  striking  evidence  of  this  is  afforded 
by  the  behaviour  of  cutaneous  scars  after  operations.  The  wound  heals  by  first  intention, 
but  if  a  large  skin  scar  has  been  left  to  cover  the  tissues,  then,  within  a  few  days,  this  gives 
way  in  part,  or  altogether  melts  away,  leaving  a  superficial  ulcer.  But  after  all,  the  skin 
is  only  the  visible  aspect  of  the  scar,  and  the  deep  scar  in  the  soft  tissues  and  the  bone — 
w^hether  at  the  ends  of  the  main  fragments  or  as  isolated  pieces — must  also  be  regarded  as 
tissue  of  poor  vitality,  deficient  circulation,  and  weak  resistance.     The  ideal  principle  to 


Fig.  19(i. — Femur  of  Case  57  after  five  montlis'  treat- 
ment on  a  Tbomas  splint.  Tlie  upper  fragment  was 
tilted  forwards  and  there  was  neither  contact  nor  union. 
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be  arrived  at  is  to  remove  all  this  scar  tissue  before  attempting  to  reconstruct  the  bone. 
In  practice  it  is  usually  the  best  plan  to  do  one  or  more  preliminary  operations  for  the 
substitution  of  the  skin  cicatrix  and  the  soft-tissue  scars.  It  is  best  in  the  case  of  a  large 
skin  wound  to  take  a  pedicled  flap  from  the  chest  (in  case  of  the  arm)  or  from  the  oppo- 
site leg  (in  case  of  the  lower  member),  and  to  cut  the  pedicle  in  from  seven  to  ten  days. 
The  deep  sear  is  removed  at  the  same  time,  as  far  as  possible  in  one  mass,  the  surrounding 
muscles  being  then  brought  together  to  obliterate  the  dead  space.  This  secures  a  thick 
fatty  skin-covering  for  the  site  of  the  future  bone  operation.     It  is  better  to  leave  the 


Fig.  197. — Tue  same  bone  as  Fig.  19tj.  u;uieil  ovf-r  a  long 
steel  tube,  which  was  left  in  place  for  eight  weeks. 


[Fig.  198. — -The  same  bone  firmly  united  after  removal  of 
the  tube. 


removal  of  bone  scar — i.e.,  the  ends  of  the  main  fragments — until  the  actual  reconstructive 
operation  is  to  be  performed ;  but  loose  bits  of  bone  should  be  taken  out  with  the  fibrous 
scar  tissue  in  the  preliminary'  operation,  on  the  two  grounds  that  they  are  often  the  seat 
of  latent  infection,  and  that,  being  quite  indolent  and  avascular  themselves,  they  only 
tend  to  prevent  vascularization  and  bone  growth  at  the  site  of  the  reconstructed  bone. 

3,  4.  The  Functional  Conditions  of  the  Muscles,  Nerves,  and  Joints,  including  the 
Activity  of  the  Circulation. — It  happens  only  too  often  that,  after  a  long  period  of  waiting 
for  sinuses  to  heal  and  for  latent  sepsis  to  disappear,  the  general  nutrition  of  the  limb  has 
suffered  and  the  muscles  atrophied  to  such  an  extent  that  a  very  poor  prospect  is  offered 
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for  bone  repair.  Under  such  circumstances  it  is  very  doubtful  whether  it  is  justifiable 
to  oi>erate,  and  the  (juestion  arises  whether  nutrition  and  function  can  be  restored  before 
repairing  the  bone.  Two  kinds  of  treatment  must  be  patiently  pursued.  On  the  one 
liand,  the  nutrition  must  be  maintained  and  adhesions  of  the  tendons  and  joints  prevented 
by  massage  and  electrical  stimulation  ;  on  the  other,  an  apparatus  must  be  provided  which 
enables  functional  exercise  of  the  muscles  to  be  imdertaken,  whilst  preventing  deformity. 
In  principle,  such  apparatus  consists  in  making  a  light  splint  casing  for  the  limb,  with  joints 
at  the  natural  articulations  ;  being  in  reality  the  provision  of  a  temporary  exo-skeleton 
in  place  of  the  missing  endo-skeleton.  When  the  muscles  have  recovered  sufficient  strength 
under  this  treatment  to  move  the  limb,  and  when  the  blue,  cold  member  has  become  warm 


Fig.  199. — Femur  of  Case  60  three  months  after  accident. 


FlO.  200. — Same  bone  united  over  a  6-inch 
by  i-inch  ivory  peg.  Tlie  wound  healed  and  the 
fracture  united. 


and  of  a  natural  colour,  then  the  bone  repair  may  be  done  with  good  prospect  of  success. 
There  is  a  great  temptation  to  think  that  the  bad  nutrition  and  loss  of  function  is  best 
treated  by  first  restoring  the  bone  ;  and  as  I  have  myself  yielded  to  this  temptation,  I  feel 
it  the  more  incumbent  upon  me  to  state  clearly  that  it  should  be  resisted.  In  general 
terms,  the  longer  the  period  of  delay  and  the  greater  trouble  taken  preparatory  to  recon- 
struction of  the  bone,  the  greater  is  the  chance  of  success. 

5.  Aseptic  Technique. — The  general  technique  of  aseptic  surgery  is  so  well  known 
as  to  require  no  description  here.  Every  proved  source  of  infection  and  every  reasonable 
suspicion  should  be  guarded  against,  and  this  applies  especially  to  the  exclusion  of  the  skin 
from  contact  with  the  operators  fingers  and  the  instruments  and  ligatures.     The  most 
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convenient  means  of  carrying  this  out  is  by  placing  the  limb  in  stockingette,  the  incisions 
being  made  through  this  material,  the  edges  of  which  are  then  fastened  to  the  skin  by 
Michel's  clips. 

There  are  two  procedures  commonly  recommended  for  bone  surgery  which  appear  to 
me  to  have  no  sufficient  justification,  but  to  be  open  to  grave  drawbacks.  One  of  these 
is  the  dependence  on  forcipressure  alone  for  hsemostasis.  I  think  it  is  far  better  to  ligate 
ever\'  bleeding  point  with  fine  catgut,  for  there  is  nothing  more  prejudicial  to  healing 
than  the  formation  of  a  haematoma.  The  other  is  the  dictum  that  the  gloved  fingers 
should  not  be  put  into  the  wound.  If  the  hands  are  clothed  with  rubber  and  cotton 
gloves,  I  see  no  reason  to  doubt  the  sterility  of  these  any  more  than  that  of  the 
instruments  or  swabs.  Moreover,  complicated  joinerj'  cannot  be  well  done  without  the 
help  of  the  fingers.  Accurate  fitting  and  firm  fixation  are  the  two  watchwords  of 
operative  bone  repair,  and   for  these  fingers  are  necessary. 

6.  Immobilization. — The  freshly-united  bone  must  be  kept  without  disturbing  strain 
until  firm  union  has  occurred.  About  this  there  can  be  no  doubt  ;  the  only  question 
which  has  to  be  considered  is  how  this  immobility  is  best  secured  in  such  a  way  as  to 
interfere  as  little  as  possible  with  the  circulation  of  the  part  and  attention  to  the  wound. 
If  the  bone  repair  has  been  done  in  a  solid  manner,  then  the  actual  fixation  will  be 
secured  by  this.  On  the  other  hand,  if  the  parts,  whether  bone  ends  or  bone  grafts, 
have  only  been  tied  with  soft  ligatures,  then  reliance  must  be  placed  upon  plaster-of 
Paris  dressings.  The  application  of  these  two  methods  of  fixation  will  become  apparent 
when  the  special  operations  have  been  considered. 

I\  .  OPERATIONS  FOR  THE  TREATMENT  OF  UNUNITED  FRACTURES. 

These  may  be  divided  into  the  following  categories  :  (1)  Plating  ;  (2)  Step-cut 
operations  ;    (3)  Intramedullary  pegs  ;    (4)  Special  methods  ;    (5)  Bone  grafting. 

1.  Plating. — The  usual  operation  of  plating  a  fracture,  practised  upon  a  recent  closed 
aseptic  case,  has  certain  drawbacks  which  I  have  dealt  with  elsewhere.  These  are  briefly : 
(«)  That  the  screws,  holding  only  by  a  friction  grip,  are  easily  displaced  and  loosened  by 
rarefication  of  bone.  (6)  That  the  screws,  being  all  in  one  line,  afford  ver\'  inefficient 
mechanical  fixation,  (c)  That  if  any  tendency  to  displacement  of  the  fracture  persists, 
the  plate  becomes  loosened  from  one  fragment  and  allows  angulation  to  occur,  (rf)  That, 
in  the  case  of  a  transversje  fracture,  a  plate  does  not  press  the  raw  bone  surfaces  together, 
but  on  the  contrary-  holds  them  apart. 

All  of  these  objections,  which  apply  to  recent  clean  fractures,  are  greatly  increased 
in  the  case  of  old  ununited  and  unhealthy  bones.  In  the  latter,  fixation  needs  to  be  more 
secure  and  lasting,  because  natural  union  is  so  much  slower  and  the  rarefied  or  sclerotic 
bone  affords  a  worse  hold  for  screws  than  does  a  healthj-  one.  To  some  extent  the  draw- 
backs may  be  overcome  by  using  curved  plates  fixed  by  two  rows  of  converging  screws, 
by  the  use  of  bolts  or  pins  which  transfix  the  whole  thickness  of  the  bone,  and  by 
employing  special  plate  clips  which  will  be  presently  described.  But  even  with  these 
improvements,  plating  does  not  bring  about  close  contact  of  bone  surfaces,  nor  does 
it  stimulate  osteogenesis,  but  rather  retards  it.  In  the  treatment  of  ununited  fractures, 
therefore,  plating  alone  must  always  be  regarded  as  uncertain  and  unsatisfactory-,  and  it 
should  be  reserved  for  special  cases,  or  merely  used  as  an  internal  splint  for  fixing  the  bone 
which  has  been  united  by  some  other  method  When,  however,  a  plate  is  used  for  an 
ununited  fracture,  it  is  ver>-  important  to  fix  it  in  such  a  way  that  it  cannot  become  loose. 

In  easily  accessible  bones,  e.g.,  the  humerus,  forearm,  and  tibia,  and  in  the  lower  end 
of  the  femur,  much  the  most  efficient  method  of  fixing  a  plate  is  by  the  use  of  split-pins 
or  bolts  and  nuts  which  transfix  the  whole  thickness  of  the  bone.  Split-pins  ^V  or  \  in. 
thick  are  cheap,  easily  obtained,  and  easily  manipulated  in  a  situation — e.g.,  the  forearm — 
where  both  sides  of  the  bone  are  accessible.  The  bolts  I  use  are  \  in.  thick,  and  made  of 
soft  iron,  so  that  the  spare  end  can  easily  be  cut  off.  In  order  to  overcome  the  difficulty  of 
pushing  the  bolt  through  from  the  deep  side  of  the  bone,  I  have  devised  a  simple  apparatus 
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whereby  a  nut  is  fixed  on  to  the  deep  end  of  the  bolt  and  then  the  latter  is  fixed 
by  a  second  nut  on  the  surface  of  the  plate.  Fig.  177  shows  a  fractured  femur  fixed  by  a 
bolted  plate. 

In  most  of  the  gunshot  fractures  in  which  bolted  plates  were  used,  the  latter  had . 
ultimately  to  be  removed  on  account  of  sinus  formation  ;  but  in  all  except  one  case  they 
had  remained  in  place  long  enough  to  secure  firm  union  in  a  good  line      The  following  is  a 
short  summary  of  the  nine  cases  in  the  present  series  in  which  plating  was  used. 

Case  7. — Radius.  Gunshot  wound.  Curved 
ivorj'  plate  lixed  by  ivory  nails.  Completely 
successful.     Plate  permanently  left. 

Case  29.^ — ^  Humerus.  Aluminium  plate 
fixed  by  transfixing  bolts  to  support  a  step- 
cut  operation.  Plate  and  bolts  had  to  be  re- 
moved because  of  suppuration,  and  the  opera- 
tion was  a  failure.  Suppuration  and  failure 
were  due  to  the  operation  being  done  only 
three  weeks  after  the  wound  had  healed 

Case  36. — Humerus.  Plate  bolted  on  to 
support  a  step-cut  union.  Complete  success. 
Plate  and  bolts  left  in  situ  {Figs.  180,  181). 

Case  37. — Humerus.  Plate  and  bolts  to 
support  step-cut  operation.  Plate  removed 
after  three  months.  Firm  bony  union.  Suc- 
cessful result. 

Case  45. — Middle  of  femur.  Bolted  plate. 
Excellent  anatomical  result.  Legs  the  same 
length.  Plate  removed  after  six  months. 
Great  wasting  of  muscles.  Limited  move- 
ments  of  knee,  and  poor  function. 

Case  47. — Middle  of  femur.  Bolted  plate. 
Rapid  recover\-.  Discharged  with  excellent 
function  and  perfect  anatomical  position.  Six 
months  after  discharge  developed  an  abscess 
in  thigh  and  the  plate  had  to  be  removed 
(Fig.  177). 

Case  50. — Civil  case.  Man,  age  50,  with 
non-union  in  middle  of  femur  and  4  in. 
shortening.  After  preliminary  weight  exten- 
sion, the  fracture  was  fixed  by  double  bolted 
plate.  The  operation  was  very  difficult,  and 
he  died  two  days  later  from  shock.  Post- 
mortem showed  a  fatty  heart. 

Case  51. — Middle  of  femur.  Bolted  plate. 
Sinuses  developed  before  the  woimd  was 
healed.  The  unhealthy  bone  became  actually 
fragmented  further  at  the  points  where  it  was 

transfixed  by  the  bolts.  Plate  and  bolts  removed  after  four  months,  and  union  ultimately 
occurred. 

Case  54. — Fracture  of  the  lower  end  of  femur,  in  which  the  distal  fragment  was  tilted  back- 
wards. Double  bolted  plates  were  applied  before  the  wounds  were  healed.  Gangrene  of  the 
leg.     Amputation.     Tetanus.     Recovery  (vide  supra). 

In  considering  this  list  of  nine  patients,  with  one  death,  one  amputation,  one  complete 
failure,  one  doubtful  success,  and  only  five  good  results,  it  must  be  borne  in  mind  that  the 
cases  concerned  were  selected  bad  cases.  It  demon.strates  that  the  mere  mechanical 
fixation  of  an  unhealthy  bone  to  a  plate  will  not  secure  natural  union.  I  have  learned  that 
it  is  wiser  to  be  content  in  some  cases  with  less  perfect  mechanical  fixation,  in  order  to 
simplify  the  operation  and  to  have  less  exposure  of  the  soft  parts.  This  can  be  attained  in 
the  case  of  the  femur  either  by  using  a  curved  plate  with  two  rows  of  screws  engaging  the 
shaft  in  different  radii,  or  by  the  use  of  the  clips  shown  in  Fig.  179.  An  ordinary  stout 
Lane  plate  is  applied  to  the  outer  aspect  of  the  femur  with  four  screws.     A  clip  is  then 


-Humerus  in  Case  31 ;  the  neck  of  tlie  bone  has 
been  lost. 
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placed  on  its  upper  and  lower  end,  and  fixed  by  two  screws  to  each,  these  screws  entering 
the  bone  at  right  angles  to  one  another.  This  will  prevent  either  end  of  the  plate  from 
being  pulled  away  from  the  bone  by  the  tension  of  the  adductor  muscles. 

2.  The  Step-cat  Operation. — In  the  case  of  the  humerus  or  both  forearm  bones, 
this  is  the  best  operation  for  ununited  fracture,  pro^^ded  that  there  has  not  been  much  loss 
of  bone  or  atrophy  of  the  bone  ends.  It  involves  an  ultimate  shortening  of  the  bone  to 
the  extent  of  about  |  in.  to  1  in. 

It  is  so  simple  as  scarcely  to  require 
any  description  beyond  that  conveyed 
by  the  illustrations  (Figs.  182  to  188). 
The  bone  in  question  is  exposed,  all 
intermediate  scar  tissue  is  removed,  and 
the  fragments  are  cut  off  square.  Half 
the  thickness  of  each  fragment  is  now 
cut  out  from  opposite  sides  in  the  sliape 
of  a  step  about  J  in.  long.  The  socket 
in  each  lK)ne  end  is  then  shaped  with  a 
square  file,  so  as  to  fit  the  other  accur- 
ately. HaNnng  been  fitted,  the  bone  is 
held  by  a  clamp  forceps,  two  i-in.  holes 
are  drilled  through  both  flanges  in  sUghtly 
different  directions,  and  the  ends  are 
fixed  by  split-pins  or  bolts.  One  case  is 
so  instructive  in  relation  to  operative 
bone  repair  that  I  will  relate  it  here. 

Case  26. — Lieut.  C.  sustained  a  simple 
fracture  of  both  bones  of  the  forearm,  March 
21,  1917,  by  falling  with  his  horse  (Fig.  182). 
On  March  23  both  bones  were  plated  in  a 
Devonport  hospital,  and,  as  judged  by  x  rays 
and  the  perfect  healing  of  the  wound  (Fig. 
183),  it  could  not  have  been  better  done. 
It  was  immobilized  for  six  weeks,  and  then 
the  splints  daily  taken  off  for  massage  for  a 
further  six  weeks,  when  recoverj-  was  re- 
garded as  complete.  Slowly,  however,  the 
forearm  began  to  bend,  until  by  Nov.  21, 
eight  months  after  the  accident,  he  had  a 
well-marked  false  joint,  and  came  to  the 
Bristol  Orthopaedic  Centre  for  treatment. 
At  this  period  the  x  rays  showed  (Fig.  184) 
that  each  plate  had  become  loose  from  one 
bone  end,  by  the  pulling  out  of  the  screws 
and  loosening  of  their  sockets.  A  double 
step-cut  operation  was  done,  each  bone  being 
united  by  two  bolts.  The  wound  healed 
well,  and'  by  March  3,  1918,  his  arm  had 
become  so  strong  that  he  was  able  to  return  to  ordinary  military  duty  (Fig.  185). 

It  will  be  noted  in  this  case  that  though  the  plates  were  very  perfectly  applied  within 
three  days  of  the  accident,  yet  they  did  not  press  the  raw  bone  surfaces  together,  but  rather 
held  them  apart.  Each  bone  fragment,  therefore,  healed  without  throwing  out  callus. 
>Vhen  the  splints  were  removed  the  bones  were  only  held  by  plates  and  screws,  and  the 
latter  quickly  became  pulled  out  from  one  end  of  each  plate  owing  to  the  absorption  of 
their  sockets.  This  is  a  plain  fact  to  be  seen  in  the  skiagram,  and  not  a  matter  of  conjec- 
ture. It  cannot  be  attributed  to  sepsis  or  faulty  technique,  because  the  wound  healed  well 
and  never  showed  any  sign  of  irritation.  On  the  other  hand,  the  step-cut  operation,  by 
exposing  and  adapting  fresh -cut  bone  surfaces  and  then  closely  pressing  these  into  apposi- 
tion, conformed  to  the  ordinary  principles  of  the  suture  of  wounds,  and  resulted  in  strong 
natural  union. 


ivory    Cy^'nctfr     threa^jlPt^     Of.    toM-e     ^o/oV«., 

Fig.  202. — Diagram  of  operation  in  Case  31.  The  wire 
sutures  are  protected  from  cutting  out  of  the  soft  bone  by 
being  encased  in  ivory  mbee.     Successful  result. 
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The  step-cut  operation  is  not  suitable  for  leg  bones,  because  it  involves  a  shortening 
of  the  limb,  which  is  a  matter  of  only  secondary  importance  in  the  arm.  It  is  not 
applicable  for  one  forearm  bone  the  fellow  of  which  is  intact.  And  lastly,  it  requires  for 
success  that  the  ends  of  main  fragments  which  are  fitted  together  shall  be  strong  and 
healthy,  subject  neither  to  atrophy  nor  to  that  type  of  sclerosis  which  really  converts  the 
bone  into  scar  tissue.  These  latter  limitations  are  so  important  that  I  will  illustrate  them 
by  reference  to  three  cases. 

Case  27. — An  ununited  fracture  of  both  radius  and  ulna,  resulting  from  a  gunshot  wound. 
A'  rays  showed  there  were  several  small  bits  of  bone  at  the  seat  of  fracture  in  each  case. 

Reflection  ought  to  have  led  to  the  conclusion  that  if  these  bones  had  been  healthy,  union 
would  have  occurred  ;   but  this  reflection  was  made  too  late.      A  step-cut  operation  was  done  at 
the  same  time  that  the  bits  of  bone  were  removed,  and  the  consequence  was  that  suf)puration 
occurred.      If    the    frag- 
ments had  been  removed 
at  a  preliminarj^  opera- 
tion, spontaneous  union 
would  have  probably  re- 
sulted, and   if  not,  then 
the     step-cut    operation 
done    later    would   have 
succeeded. 

Case  33. — ^A  case  of 
ununited  humerus  with 
much  sepsis  and  loss  of 
bone,  associated  with 
complete  musculospiral 
paralysis.  Here  no  mis- 
take was  made  in  oper- 
ating too  soon  ;  the 
patient  was  kept  for 
nearly  twelve  months, 
and  several  preliminarj' 
operations  were  done  for 
the  cure  of  sepsis  and 
the  removal  of  scar  tis- 
sue. At  the  operation  a 
tongue  of  bone  was  found 
projecting  downwards 
from  the  proximal  frag- 
ment, and  this  was  fitted 
into  the  lower  part  of 
the  shaft  and  there  fixed 
by  two  bolts  {Fig.  190). 
At  first  he  did  well,  and 
was  so  delighted  at  the 

new  experience  of  solidity  in  his  arm  that  he  used  it  too  freely.     Re-fracture  took  place  {Fig.  191),^ 
which  is  seen  to  be  due  to  the  tongue  from  the  upper  fragment  having  broken  off.     Disheartened 
by  this,  he  asked  for  transfer  to  a  hospital  near  his  home,  and  I  hear  that  at  that  institution 
amputation  was  performed. 

Ca.^e  39. — This  is  almost  similar  to  the  above,  except  that  the  patient  has  no  musculospiral 
paralysis,  and  he  is  still  under  my  care  awaiting  further  operation. 

It  is  clear  from  the  last  two  cases  that  if  the  integrity  and  soundness  of  the  bone  is 
in  question,  it  is  better  to  supplement  the  step-cut  operation  by  a  plate  which  takes  off 
the  strain  from  the  actual  bone  ends.  (See  Cases  36,  37.)  In  the  present  series  there  are 
nine  cases  of  step-cut  operations,  six  of  which  have  been  completely  successful. 

3.  Intramedullary  Pegs. — Short  Pegs. — The  use  of  an  intramedullary  peg  has  very 
narrow  limitations  in  the  treatment  of  ununited  fractures.  It  is  only  of  use  in  the  case  of 
a  perfectly  clean  and  healthy  bone,  the  fracture  of  which  is  recent,  transverse,  and  uncom- 
minuted,  the  cau.se  of  non-union  being  displacement  with  interposition  of  soft  parts. 
The  present  series  contains  three  such  cases — one  of  the  humerus  {Case  34,  Fig.  192)  and  two 
of  the  femur  {Cases  49,  53,  Fig.  193).  In  each  of  these  a  successful  result  was  obtained, 
and  in  view  of  the  ease  and  simplicity  of  the  operation  it  is  an  ideal  method. 


Fig.  203. — Fracture  of  neck  of  femur,  which  had  been  ununited  for  five  montiis,  now 
fixed  by  a  tibial  bone  peg. 
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The  pegs  I  use  are  turned  from  ivory  or  bone.  They  are  J  to  J  in.  thick,  and  from 
1  to  3  in.  long.  Each  has  an  outstanding  ring  at  its  centre,  which  prevents  the  peg  from 
slipping  down  into  the  cavity  of  the  fragment  in  which  it  is  first  placed.  A  small  incision 
is  required  for  this  operation,  merely  large  enough  to  allow  each  fragment  to  be  thrust 
out  of  the  wound.  The  marrow  cavity  of  each  is  opened  and  drilled  until  firm  bone  is 
reached.  The  peg  is  slipped  into  one  fragment,  and  the  other  is  brought  over  it  by 
traction  and  angulation.  Such  a  short  peg  will  not  serve  to  maintain  the  alinement  of 
the  bone,  and  this  must  be  secured  by  suitable  splinting  until  union  has  taken  place. 
Long  Intramedullary  Pegs  for  the  Femur,  introduced  from  the  Trochanter. — In  fractures 

of  the  upper  end  of  the  femur  just 
below  the  trochanters,  there  are 
two  difficulties  in  treatment.  First, 
the  proximal  fragment  tilts  forward 
and  outward,  and  unless  the  thigh 
is  kept  in  abduction  and  flexion, 
no  amount  of  traction  will  secure 
alinement.  Secondly,  when  this 
deformity  has  been  established  for 
some  time  in  the  presence  of  sep- 
sis, great  atrophy  of  the  upper 
portion  of  bone  takes  place. 

In  the  treatment  of  such  a 
fracture,  whether  one  associated 
with  non-union  or  mal-union,  not 
only  is  considerable  force  necessary 
for  correction  of  displacement,  but 
continuous  fixation  by  a  powerful 
appliance  of  some  sort  is  absolutely 
necessary  in  order  to  prevent  recur- 
rence. If  this  appliance  is  to  be 
the  external  variety,  it  will  involve 
many  months  in  plaster -of-Paris  ; 
if  it  is  a  plate,  then  this  must  be 
fixed  ver\'  differently  from  the 
manner  which  is  generally  em- 
ployed. In  fact,  it  is  the  study  of 
any  consecutive  series  of  cases  of 
this  t\-pe  treated  by  the  usual 
Lane  plate  that  affords  the  most 
con\incing  demonstration  of  the 
fallacy  of  the  orthodox  technique. 
Plating  is  nevertheless  applicable 
if  a  clip  or  other  device  be  em- 
ployed to  prevent  the  upper  and 
lower  ends  of  the  plate  from  being  separated  from  the  bone.  But  in  that  variety  of 
case  where  sepsis  has  long  held  sway  and  the  bone  fragments  are  very  atrophic,  the 
extensive  exposure  and  multiple  drilling  necessarv"  for  plating  is  liable  to  re-awaken  sepsis 
and  to  split  the  friable  bone.  It  occurred  to  me  therefore  to  use  a  long  internal  peg  or 
strut,  such  as  would  render  unnecessary-  any  further  fixation  and  would  afford  absolute 
rigidity.  I  have  used  pegs  of  various  shapes,  cylindrical,  cross-sectioned,  and  solid  rods, 
and  I  am  inclined  to  think  that  the  last  named  are  the  best,  because  they  give  the 
maximum  strength,  and  there  is  an  avoidance  of  hoUows  or  crevices  which  form  dead 
spaces.     The  technique  of  its  introduction  is  as  follows. 

The  limb  is  subjected  to  transfixion  extension  for  several  days  before  operation.     (If 
the  method  is  used  for  mal-union  and  not  for  non-union,  the  junction  must  be    divided 


I'lG.  201. — The  same  boue  a  year  later,  showiiii;  complete  absorpition  of 
peg,  and  deposit  of  dense  bone  in  its  place.     Perfect  result. 
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by  osteotomy  before  extension  is  applied.)  Then,  when  overlapping  and  angulation  have 
been  corrected,  the  operation  is  performed.  The  seat  of  fracture  is  exposed  by  an  external 
incision,  and  each  fragment  is  refreshed  and  drilled  by  a  J-in.  drill.  It  will  be  noticed  that 
after  piercing  the  conical  end  of  the  bone,  the  drill  runs  into  the  marrow  cavity  with  the 
greatest  ease,  merely  displacing  a  little  fatty  tissue.  After  preparing  at  least  three  or 
four  inches  of  the  distal  fragment,  the  proximal  one  is  drilled  by  a  special  drill  12  in.  long. 
This  is  driven  right  up  through  the  great  trochanter,  the  tip  of  which  is  exactly  in  a  line 


l'I(i.205. — ■  Femur  from  <'<Mf  55,  seven  montlLS  after  Jig.    -JiHi. — The    same    bone    after    tlie    ilsc  of    a 

injury.     There  wa.s  remarkable  comminution,  but  lonj;    fibula    sfraft.     I'hoto   taken    one   month    after 

in  spite  of  the  abundant  metallic  debris  there  wa?  operation.     Five  months  later  he  was  able  to  walk 

no  sejwLs,  and  the  w^ound  of  entry  was  never  dis-  with  crutches  and  work  a  treadle  fret-saw  machine, 

covered.  Tliere  wa.s  union  of  the  small  frajfraents 
with  the  lower  end  of  the  shaft,  but  non-union 
between  this  mass  and  the  proximal  fragment, 
which  was  tilted  forwards. 

with  the  axis  of  the  femur.  The  tip  of  the  drill  is  made  to  emerge  against  the  skin  of  the 
buttock,  and  then  cut  down  upon.  The  drill  is  removed,  and  the  peg  (6  to  9  in.  long) 
is  then  pushed  up  the  proximal  fragment  until  its  upper  end  emerges  from  the  buttock 
wound  and  its  lower  is  left  projecting  about  half  an  inch  from  the  bone  end.  The  two 
fragments  are  now  brought  into  apposition  and  into  line,  and  the  peg  is  hammered  down 
until  it  engages  the  lower  fragment  by  several  inches.  The  length  of  the  peg  ought  first 
to  be  determined  by  the  position  of  the  fracture,  so  that  when  it  is  in  position,  with  at 
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least  three  inches  in  the  distal  fragment,  its  upper  end  shall  remain  projecting  from  the 
top^of  the  great  trochanter.     This  is  to  allow  for  its  removal  at  any  time  if  necessary. 
<♦-     The  present  series  contains  four  instances  of  the  use  of  this  method  (Cases  57,  58,  59, 
60),  and  it  must  be  admitted  that  it  does  not  show  a  \eTy  favourable  record. 

Case  57. — The  first  case  treated  by  this  method,  and  completely  successful  (Figs.  196,  197, 
198).  The  patient  was  operated  upon  in  Februarj-,  1918,  and  had  tlie  peg  removed  eight  weeks 
later  on  account  of  pain  with  a  rise  of  temperature.  He  had  then  and  has  now  (August)  perfectly 
firm  imion  in  good  line,  and  is  walking  on  crutches  ;  but  he  still  has  two  sinuses,  and  the  case  is 
open  to  the  suggestion  that  a  septic  process  is  still  present  in  the  interior  of  the  femur. 


Fig.  207. — -Showins  methods  of  fixins  and  fitting  a  graft :  (a)  Graft  driven  into  trochanter,  neck,  and  head  of  femur  ; 
(h)  Graft  driven  into  medulla  of  upper  third  of  femur  from  trochanter  ;  (f )  Graft  driven  into  medulla  of  proximal  part  of 
ulna  from  olecranon  ;  (</)  Graft  tishtly  fitted  into  both  fragments  of  a  fracture.  At  one  end  the  shaft  has  been  split  for 
its  reception,  and  then  pinned  together ;  («>)  Graft  tightly  fitted  into  both  fragments  of  a  fracture.  The  graft  has  been 
cut  by  a  fret-saw  in  a  z  manner  and  pinned  totrether  afterwards  ;  (J)  Graft  fitted  as  a  cortical  strut  and  fixed  by  pins. 
The  fragments  marked  by  dots  have  been  cut  from  the  shaft  and  used  to  fill  up  the  gap  between  the  main  ends  of  the 
bone  ;  (g)  Graft  fitted  as  a  cortical  strut  and  bolted  to  a  plate  on  the  opposite  side  of  the  bone  ;  (h)  Inlay  graft  fitted 
and  fixed  without  metallic  sutures ;   (i)  Section  of  the  inlay  graft,  showing  its  wedge  shape. 


Case  58. — Still  has  the  steel  strut  in  the  femur,  but  there  is  a  septic  discharge  from  the  original 
wound  (Figs.  194,  195). 

Case  59. — Never  did  well.  The  patient  had  a  big  scar  right  down  to  the  bone,  and  this 
broke  down  badly  in  spite  of  plastic  suturing.  The  peg  was  removed  after  four  weeks,  and  later 
the  leg  was  amputated  at  his  o^vn  wish.  Both  these  cases  (58  and  59)  were  instances  of  non- 
union and  sepsis  more  than  twelve  months  after  injury,  and  it  is  open  to  question  whether  any 
method  would  have  been  more  successful. 

Case  60. — Altogether  exceptional,  I  think,  but  the  result  was  so  tragic  that  I  do  not  feel 
justified  in  trying  to  explain  it  away  or  in  suppressing  it.     It  was  a  simple  fracture  with  non- 


228 


THE    BRITISH    JOURNAL    OF    SURGERY 


union  of  three  months'  standing.  I  used  a  pejx  made  of  ivory,  0  in.  lonjj  by  i  in.  thick  (Figs.  199, 
200),  and  the  result  was  apparently  quite  perfect.  But  eight  weeks  later,  when  the  wound  had 
healed,  the  patient  developed  influenza,  which  was  then  very  prevalent  in  the  hospital.  His  thigh 
swelled  up  and  became  very  painful.  The  incision,  being  reopened,  revealed  much  blood-clot  and 
some  pus,  and  he  died  two  days  later  of  septicaemia.  The  specimen  recovered  post  mortem  shows 
apparently  perfect  union  of  the  bone. 

I  have  seen  one  other  case  comparable  to  this  which  is  worth  recording.  It  concerns  the 
patient  of  a  colleague,  who  had  plated  a  simple  fracture  of  the  tibia.  This  had  healed  well,  and 
patient  had  been  discharged  to  an  auxiliary  hospital,  where  he  contracted  influenza  two  months 
later.  When  he  had  got  over  this,  the  leg  was  swollen  and  painful,  and  he  was  re-admitted 
to  our  hospital.  There  it  was  found  that  he  had  an  abscess  at  the  site  of  the  plating  operation, 
and  also  pya-mic  infection  of  both  knee-  and  ankle-joints  of  the  same  limb.  The  plate  was 
removed  and  the  joints  were  drained,  and  he  is  making  a  good  recovery. 


riG.  208.- 


-Raijias  from  Caxe  2,  with  charat-teristic' 
displacement. 


Fig.  209. — Same  case  after  operation  by  tibial 
craft.  It  failed,  and  illustrates  well  the  causes  of- 
failure.  There  is  insuflicient  contact  between  the 
graft  and  its  bone  bed,  and  what  contact  there  is 
concerns  unhealthy  atrophied  bone. 


However,  having  quite  honestly  stated  the  facts,  I  may  go  on  to  express  my  own  opinion 
that  this  method  of  introducing  a  long  internal  peg  into  the  femur  from  the  trochanter 
is  one  of  some  value  in  special  cases,  and  the  unfortunate  occurrence  of  an  exceptional 
sequel  would  not  deter  me  from  employing  it  on  another  occasion. 

4.  Special  Methods  of  Operation  of  Occasional  Value. — ^In  certain  cases  no  classical 
method  of  bone  repair  can  be  adopted,  and  special  devices  may  be  empl(*yed.  Such  are 
illustrated  by  four  cases  of  the  present  series. 

Case  31. — Loss  of  bone  just  below  the  head  of  the  humerus  (Figs.  201,  202).  After  very  long 
preliminary  treatment  and  the  removal  of  sequestra,  the  wound  healed.  Then  the  following 
operation  was  performed.     The  seat  of  fracture  was  exposed,  and  the  lower  fragment,  shaped  in 
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a  conical  fashion,  was  made  to  fit  into  a  cavity  in  the  head  of  the  humerus.  There  was  no  room 
for  any  kind  of  plating,  and  a  simple  wire  suture  would  certainly  have  cut  out.  Each  fragment 
was  drilled  from  side  to  side  by  a  ^'g-in.  drill,  and  into  each  hole  was  passed  an  ivory  tube  carrjing 
a^Jg-in.  iron  wire.  The  ends  of  the  wire  were  twisted  together  in  the  manner  shown,  after  the 
fragments  had  been  pressed  into  position.      Unfortunately  the  ends  of  the  wire  were  cut  too  short 

at  one  side,  and  here  eventually  the  junction  gave 
way  ;  but  nevertheless  firm  and  good  union  took 
place,  and  the  man  has  now  quite  a  useful  arm. 

Case  25. — Loss  of  substance  in  the  radius, 
associated  with  a  gap  in  the  flexor  muscles  over 
that  bone.  In  this  case  I  removed  a  piece  of  the 
ulna  of  sufficient  length  to  allow  of  suture  of  the 
muscles,  and  the  ends  of  the  radius  came  together. 
The  ulna  was  joined  by  a  step-cut  operation  ; 
but  although  the  muscles  have  united  well,  and 
are  functioning,  the  bone  has  not  united  ;  and  if 
this  continues  for  six  months,  I  shall  perform  a 
bone-grafting  union. 


Fig.  ilO. — Ulna  from  Case  15,  treated  by  a 
naked  tibial  graft  fixed  by  encircling  wire.  The 
gap  between  the  bone  ends  has  been  fille<l  by  the 
bits  cut  out  for  reception  of  the  graft.  Complete 
success. 


Fig.  211. — Humerus  from  Case  28  after  the 
removal  of  the  bone  sr^fx..  Illustrates  the  stimu- 
lation of  new  bone  formation  by  the  graft.  Firm 
union  ultimately  resulted. 


This  type  of  operation,  consisting  in  the  removal  of  a  segment  of  one  bone  in  order 
to  allow  the  falling  together  of  its  fellow,  has,  I  think,  a  definite  scope  which  is  more 
important  than  is  represented  by  the  single  ease  mentioned.  It  is  applicable  to  certain 
fractures  of  the  forearm  and  of  the  tibia.  In  the  forearm,  I  should  reser\'e  it  for  those 
eases  with  a  gap  in  the  muscles  as  well  as  in  the  bone  ;  because  if  the  former  are  intact, 
I  think  that  bone  grafting,  after  making  good  the  scar,  is  the  best  treatment.  In  the 
case  of  a  tibia  with  a  small  gap  between  the  fragments,  it  is  a  good  operation,  because 
di\ision  of  the  fibula  will  allow  the  tibia  to  come  together  with  ver\^  little  shortening 
(i.e.,  provided  the  gap  is  small),  and  this  is  a  short  and  easy  procedure  compared  with 
bone  grafting. 
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Cases  30  and  40. — -These  are  instances  of  the  loss  of  the  lower  part  of  the  humerus  in  arms 
which  were  much  scarred  and  had  been  very  septic.  I  divided  the  ulna  at  the  junction  of  its 
middle  and  lower  third,  separated  the  proximal  portion  from  its  muscles,  and  turned  it  upwards, 
driving  its  lower  end  into  the  proximal  fragment  of  the  humerus.  In  one  case  this  failed,  and  in 
the  other  it  succeeded  after  partial  exfoliation  of  the  reversed  ulna,  so  that  I  do  not  feel  that  the 
method  has  much  to  recommend  it. 

5.  Bone  Grafting. — To  this  method  we  shall  devote  a  separate  section. 

V.  BONE    GRAFTING. 

The  introduction  of  a  living  autogenous  bone  graft  is  the  main  resource  for  the  treat- 
ment of  ununited  fractures,  and  especially  for  those  in  which  there  has  been  definite  loss 
of  substance.     Unfortunately,  however,  in  the  case  of  gunshot  injuries  there  exist  certain 
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Fig.  212.— Radius  from  Vase  8,  before  operation. 
There  was  tlLsplacement  and  non-union. 


Fig.  213. — The  same  case  after  operation  by 
tibial  srratt.  Tiie  graft  is  fixed  to  eacli  frajjment 
by  split-pins. 


drawbacks  and  difficulties  which  make  it  much  more  difficult  of  success  than  when  it  is 
applied  for  the  replacement  of  bone  lost  by  disease — e.g.,  a  tumour  or  tuberculosis.  These, 
which  have  already  been  alluded  to,  are  the  existence  of  latent  sepsis  and  the  presence  of 
extensive  .scars  of  skin,  muscle,  and  bone. 

I  have  recently  (British  Journal  of  Surgery,  Oct.,  1917)  summarized  the  historical 
account  of  bone  grafting,  and  dealt  fully  with  experimental  evidence  in  relation  to  the 
subject,  and  I  therefore  confine  myself  in  the  present  paper  to  clinical  conditions,  with 
sp>ecial  emphasis  on  this  point,  that  the  cardinal  factors  of  latent  sepsis,  scar  tissue,  and 
deformities  are  features  of  the  clinical  problem  not  represented  in  experimental  work. 
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Vital  Conditions. — These  must  be  considered  in  relation  to  the  bed  and  the  graft. 
The  essential  condition  to  be  obtained  in  the  bed  is  the  removal  of  scar  tissue, 
whether  cutaneous,  fibrous,  or  osseous.  Ragged  bone  ends  must  be  removed,  and  no 
dependence  placed   upon  them   for  osteogenesis  or  union. 

The  necessary-  vital  conditions  of  the  graft  are  more  readily  obtained,  because 
this  will  always  be  taken  from  a  healthy  bone. 

That  a  living  autogenous  graft  continues  to  live  in  its  new  position  when  joined 
to  living  bone  is  no  longer  a  matter  of  theorj-  or  microscopic  investigation.  It  is 
proved  by  many  facts,  the  most  con\'incing  of  which  is,  that  when  a  graft  becomes 
fractured,  it  produces  callus  just  as  does  a  lixing  bone.  This  has  been  shown  by 
many  human  cases  and  also  by  animal  experiments 


Fig.  214. — -Fractared  forearm  bones  from 
Casefi.  There  is  mal-anion  of  the  alua  and  noa- 
onioa  of  the  radius. 


Fig.  21.5. — ^Tiie  same  bones  after  operation. 
The  ulna  has  been  rectified  by  a  step-cut  opera- 
tion, and  the  radios  united  by  a  Ions  tibial  graft, 
both  fixations  bein?  effected  by  split-pins. 
Complete  success. 


That  the  periosteum  is  not  an  essential  element  in  the  graft  is  proved  by  the  fact 
that  in  many  cases  a  naked  graft  heals  in  position  and  becomes  united  to  its  bed 
(Cases  11,  15,  Fig.  210).  The  best  example  of  this  is  in  the  li\ing  tibial  peg  driven 
into  the  neck  of  a  fractured  femur.  Nevertheless,  the  presers-ation  of  the  periosteum 
is  ver\'  desirable  in  all  cases  except  those  where  the  graft  is  entirely  intramedullary. 
There  are  two  reasons  for  this.  The  most  important  is  that  the  periosteum  is  the 
medium  through  which  new  blood-vessels  most  readily  make  connection  between  the 
graft  and  its  surroundings.  It  is  the  natural  vascular  envelope  of  the  bone,  which  is 
ready  to  take  up  a  new  blood-supply.  Secondly,  removal  of  the  p)eriosteum  involves 
the  removal  of  the  verj-  impMjrtant  superficial  layers  of  osteoblasts,  fix>m  which  more 
bone  growth  takes  place  than  an\-where  else  in  the  graft.  Further,  the  preservation 
of  the  periosteum  affords  a  ready  method  of  suturing  the  graft  in  its  place  in  those 
methods  where  no  metallic  sutures  are   employed. 
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The  role  of  the  periosteum  is  remarkably  demonstrated  by  the  comparison  of 
three  types  of  operation  : — 

1.  Where  a  naked  graft  is  used,  increase  in  thickness  of  the  graft,  even  after  long 
survival,  is  very  slow.  Whenever  sepsis  supervenes,  the  graft  becomes  entirely  exfoli- 
ated without  depositing  any  new  bone  {Cases  1,  2,  3,  10,  11,  16,  28,  29). 

2.  Where  periosteal  flaps  with  a  thin  layer  of  bone  are  turned  down  to  bridge  the 
gap,  no  new  bone  is  deposited,  and  failure  results.  This  shows  that  periosteum,  even 
when  retaining  its  attachment,  will  not  deposit  new  bone  in  an  adult  (Case  20). 

3.  Where  a  graft  covered  on  one  surface  by  its  own  periosteum  is  used,  its 
behaviour  is  different  from  either  of  the  above  groups.      Increase  in  thickness  occurs 


Fig.  216.— Fracture  of  tlie  radius  from  Case  12.  FiG.  217. — The  same  bone  after  union  by  a 

graft.  The  upper  end  of  the  graft  haa  been 
driren  into  the  marrow  cavity  of  the  prosimal 
fragment,  and  the  lower  end  placed  in  the  cavioy 
of  the  distal  fragment  after  splitting  the  bone. 
United  by  two  pins.     Complete  success. 

in  all  cases  within  a  few  months.  In  those  cases  where  secondary  sepsis  supervenes, 
there  is  an  abundant  deposit  of  new  bone  between  the  periosteum  and  the  graft.  The 
solid  portion  of  the  graft  may  be  exfoliated,  but  a  mass  of  new  bone  is  left  behind 
of  larger  bulk  than  that  originallj'  used.  In  Case  5,  Fig.  220,  for  example,  a  perios- 
teum-covered graft  was  bolted  to  the  radius,  to  an  aluminium  plate  on  the  opposite 
surface.  Four  months  later  a  sinus  persisted.  There  was  massive  new  bone  forma- 
tion, and  on  removal  of  the  plate  and  bolts  ready  healing  took  place,  the  gap  being 
more  than  filled  by  new  bone.  In  Case  9,  two  grafts  were  bolted  to  opposite  sur- 
faces of  the  incomplete  radius,  each  having  a  periosteal  covering  on  its  outer  side.  A 
sinus  developed,  and  persisted.  Five  months  later  the  wound  was  opened  up.  One 
graft   had   undergone   a   central   necrosis,   the   rest   being   incorporated   with   the   living 
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tissues.  The  other  graft  had  ahnost  entirely  necrosed  in  its  solid  portion,  but  there 
was  a  mass  of  new  bone  forming  an  involucrum  on  its  surface.  There  was  firm  and 
solid  new  bone  filling  the  gap,  although  a  large  amount  of  the  dense  bone  put  in  was 
lost. 

Thus  we  have  three  facts :  (1)  Naked  grafts  form  new  bone  ver\'  slcrwly  and 
scantily  ;  (2)  Periosteal  flaps  in  adults  form  no  new  bone  at  all  ;  (3)  Bulky  grafts 
covered  by  periosteum  are  capable  of  depositing  thick  new  bone  in  the  form  of  an 
involucrum.  From  these  facts  it  may  be  inferred  that  the  osteoblasts  necessary  for 
new  bone  formation  are  contained  in  the  dense  bone,  but  that  the  protecting  and 
vascularizing  matrix  of  the  periosteum  is  necessary  for  their  activity. 

The  best  source  of  the  graft  has  been  much  discussed,  but  for  repair  of  the  long 
bones  I  think  that  the  crest  or  internal  surface  of  the  tibia  holds  most  advantages. 
From  this  bone  the  greatest  length  and  strength  can  be  obtained  with  the  minimum 
exposure  or  damage  to  soft  parts.  It  is  well  provided  with  thick  periosteimi,  and  is 
readily  accessible  for  accurate  sawing.  From  the  crest  may  be  obtained  a  strong 
bone  J  in.  square  in  section,  and  from  the  surface  a  long  thick  plate  1^  in.  wide  and 
^  in.  thick.  The  only  serious  objection  which  can  be  urged  against  the  use  of  the 
tibia  is  the  fact  that  fracture  sometimes  occurs  in  it  after  the  removal  of  a  thick 
graft.  This  has  happened  in  two  of  my  cases,  but  in  each  it  was  only  a  small 
fissured  fracture  without  displacement,  and  I  do  not  regard  it  as  of  serious  import 
ance.  The  fibula  has  some  points  to  recommend  it.  These  are,  that  it  presents  a 
rod-shaped  bone  which  requires  no  cutting,  and  that  it  is  not  an  essential  feature  in 
the  skeleton  ;  but  it  is  ver\'  variable  in  its  shap>e  and  size,  and  it  is  difficult  to  clear 
it  of  muscle  without  stripping  it  of  its  periosteum.  With  a  proper  motor  saw  a 
good  graft  can  be  cut  from  the  tibia  much  more  quickly  than  from  the  fibula,  in  the 
case   of  a   muscular   leg. 

In  determining  the  size  of  the  graft  two  points  must  be  borne  in  mind.  First, 
that  no  new  bone  of  any  mechanical  importance  can  be  expected  to  arise  from  it  for 
many  months,  and  that  it  must  therefore  be  cut  large  enough  to  fill  the  gap  it  has 
to  replace  as  far  as  possible.  Secondly,  that  as  the  graft  ought  to  have  contact  with 
a  wide  surface  of  bone  bed  on  each  side,  it  must  be  cut  of  sufficient  length  to  secure 
this.  The  ideal  length  is  not  less  than  three  times  that  of  the  gap.  For  example, 
if  there  is  a  gap  of  two  inches  between  the  main  fragments  after  their  unhealthy 
ends  have  been  cut  off,  then  the  graft  ought  to  be  six  inches  long. 

A  further  vital  condition  to  be  considered  is  that  relating  to  the  contact  between 
the  graft  and  its  bed.  Rapid  and  sound  union  will  depend  upon  broad  and  accurate 
contact  efficiently  maintained,  and  it  must  be  a  main  object  of  the  technique  to 
secure  such  contact.  Just  as  bone  gaps  are  filled  very  slowly  or  not  at  all,  so  any 
spaces  between  the  bone  graft  and  its  bed  offer  obstacles  to  bony  union.  Next  to 
the  importance  of  eliminating  latent  sepsis  and  scar  tissue,  nothing  has  impressed  me 
more  than  the  dependence  of  success  in  bone  grafting  upon  this  accurate  contact.  A 
reference  to  Figs.  208,  209,  from  one  of  my  earlier  cases,  will  at  once  illustrate  the  type 
of  union   which   is   doomed  to   failure. 

Mechanical  Fixation. — The  success  of  all  plastic  surgery  depends  largely  upon 
accurate  suturing.  Bone,  being  a  tissue  of  slow  growth  and  slow  repair,  requires 
more  firm  and  lasting  sutures  than  the  soft  tissues.  There  are  three  methods  used 
for  the  fixation  of  a  graft  ;  (1)  Suture  by  ordinary  absorbable  ligatures  ;  (2)  Fitting  by 
accurate  joinery  ;    (3)  Fixation  by  means  of  metal  screws,  pins,  wires,  or  plates. 

1.  The  first  method,  that  of  ordinary'  suture — i.e.,  of  the  periosteum  of  the  graft  to 
that  of  its  bed — is  only  suitable  for  situations  where  there  is  no  tendency  to  move- 
ment or  displacement,  e.g.,  in  the  repair  of  defects  in  the  cranium  ;  here,  indeed,  no 
sutures  are  really  necessary.  In  the  long  bones,  catgut  or  animal-tendon  suture  can- 
not be  regarded  as  a  serious  method  of  fixation  except  for  the  attachment  of  the 
periosteum.  If  any  strain  has  to  be  borne  by  ligatures  in  the  fixation  of  a  graft, 
then   my   own   choice   would    be   of  some   metal   suture,    e.g.,    a    bolt    or   a   pin  ;     but 
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failing  such,  I  think  it  is  better  to  use  a  piece  of  the  patient's  own  fascia  or  tendon 
than  to  place  any  reliance  upon  catgut  or  animal  tendons.  In  the  leg,  strands  of 
the  fascia  lata,  and  in  the  arm  a  piece  of  the  palmaris  longus  tendon,  are  far  better 
suture  materials  than  pieces  of  sheep's  intestine  or  kangaroo  tail. 

2.  The  method  of  fixation  always  to  be  aimed  at  is  that  of  fitting  the  graft  into 
a  slot  or  cavity  in  the  bed  in  such  a  way  as  to  require  no  suture  at  all.  When  this 
can  be  well  done,  the  method  in  my  experience  never  fails,  provided  latent  sepsis  has 
been  eliminated  and  scar  tissue  removed.  The  simplest  type  of  this  fixation  is  seen 
in  the  use  of  a  square  tibial  peg  driven  into  the  cancellous  tissue  of  the  femoral  neck 


Fig.  218. — Forearm  from  Case  22.    The  ulna  had  been  lost  in  childhood  "from  osteomyelltig.    Patient  had 
nevertheless  served  as  a  soldier  until  he  dislocated  the  head  of  the  radius. 


for  fracture  of  that  bone.  I  have  never  had  a  failure  with  this  operation,  and  Cases 
46,  48,  and  52  are  good  examples.  Case  46  has  been  under  observation  for  more 
than  a  year  {Figs.  203,  204).  Although  he  was  discharged  from  the  army  by  a  medi- 
cal board,  who  evidently  were  sceptical  about  reconstructive  bone  surgery,  he  has  now 
such  perfect  function  in  walking  and  running  that  it  is  impossible  to  detect  which  is 
the  injured  leg. 

In  the  same  way,  the  living  intramedullary  peg  can  be  used  as  a  graft  for  the 
repair  of  fractures  in  certain  situations,  viz.,  the  upper  or  proximal  third  of  the  femur 
or  ulna.      That  is  to  say,  in  both  these  situations  a  peg  can  be  firmly  driven  into  the 
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shaft  of  the  bone  so  that  graft  and  bed  are  firmly  contacted  in  the  whole  length  of 
the  former.  It  must  be  carefully  noted  that  this  is  a  ver>'  different  procedure  from 
putting  a  li\ing  intramedullary-  peg  into  the  site  of  a  fracture,  introducing  it  into  one 
broken  end  and  then  bringing  the  other  over  it  (as  in  the  use  of  the  short  pegs  de_. 
scribed  above).  This  latter  procedure  is  by  clinical  and  experimental  evidence  likely 
to  fail,  because  the  peg  is  so  short  and  the  fitting  so  loose.  In  the  firmly-fitted 
living  peg  the  shaft  of  the  bone  should  be  drilled  much  smaller  than  the  peg,  and 
the  peg  should  not  be  round  but  angular  in  section.  For  example,  in  the  femur  the 
shaft   is   hollowed   by  a   f-in.   drill,   which   leaves  a  margin   of  at   least   J   in.    of  fairly 


Fig.  219. — -The  same  arm  after  insertion  ot  a  loiy  tibia!  graft  fixed  above  by  two  split-pins. 


soft  bone  all  round  the  cavity.  A  square  peg  is  cut  from  the  tibia,  6  in.  long 
and  I  in.  thick,  and  then  filed  down  so  as  to  pass  through  a  J-in.  hole.  ^It  then  has 
a  roughly  octagonal  section,  and  can  be  hammered  into  the  |-in.  hole  so  as  to  hold 
very  firmly,  and  3  in.  will  lie  on  each  side  of  the  line  of  fracture. 

There  are  two  other  methods  by  which  a  graft  can  be  firmly  fitted  as  an  intra- 
medullary peg,  and  these  are  specially  suited  for  cases  where  there  has  been  a  loss  of 
substance  (Fig.  207).  Suppose  that  the  gap  to  be  filled  is  2  in,  after  removal  of 
unhealthy  bone  from  the  ends  of  the  fragments  ;  suppose  that  it  is  the  radius  to  be 
repaired,  having  an  outside  diameter  of  half  an  inch  and  an  inside  cavity  of  a  quarter 
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of  an  inch.  The  graft  is  cut  square  and  of  6  in.  length.  Each  end  is  shaped  with 
a  file  for  2  inches,  until  it  fits  tightly  the  holes  drilled  in  the  fragments.  Into  one 
fragment  the  graft  is  driven  (temporarily  wrapping  the  bone  round  with  several  turns 
of  wire  to  prevent  splitting).  The  other  fragment  is  cut  for  2}  in.  with  a  fret-saw, 
and  the  two  halves  are  prized  apart  so  as  to  take  the  spindle  at  the  other  end  of  the 
graft.  Then  this  split  end  and  the  contained  graft  are  sutured  through  two  holes 
by  suture  or  split-pins  {Fig.  216,  217).  In  the  alternative  method,  which  is  to  be 
used  if  one  fragment  of  the  bed  cannot  be  split  as  above  described,  the  graft,  having 
been  shaped  so  as  to  fit  at  each  end,  is  itself  cut  into  two  portions  by  a  Z -shaped 
incision.  Each  half  is  hammered  into  place,  and  then  the  graft  fitted  together  and 
sutured  or  pinned. 


FIG.  220.— Radius  from  Case  5. 


Fig.  221. — Tlie  same  after  operation.  Tiie 
bone  has  been  united  between  a  tibial  graft  and  aa 
aluminium  plate  by  four  bolts. 


The  inlay  cortical  graft,  which  has  been  used  and  popularized  by  Albee,  is  a 
superficial  graft,  laid  down  in  a  slot  cut  for  it  in  the  cortex  of  the  bone  to  be 
mended.  Albee  uses  a  twin  saw,  but  if  the  same  twin  saw  be  used  to  cut  the 
graft  and  the  slot  into  which  it  is  to  fit,  then  the  latter  will  be  too  large  by  two 
saw  thicknesses,  and  for  strong  work  I  think  it  is  better  to  make  a  shelving  trough, 
cutting  each  side  separately  with  a  simple  saw-cut.  Then  the  graft  can  be  ham- 
mered down  into  its  bed,  the  hollow  bone  having  enough  elasticity  to  open  a  little 
for  its  reception.  The  ends  of  the  graft  should  be  bevelled  so  as  to  underlie  the 
ends  of  the  slot.  Thus  the  muscular  tension  will  prevent  the  graft  from  slipping 
out   (Fig.   224). 

In   some   cases   one   end   of  the   graft   may    be   shaped    as   a   peg   and   driven   into 
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the  marrow  ca\  it y,  while  the  other  end  is  recessed  into  a  flat  cut  on  the  other  frag- 
ment and  there  secured  by  pins  (Figs.  222,  223). 

3.  Finally,  the  use  of  wire  nails,  screws,  bolts,  or  plates  as  a  method  of  fixation 
must  be  considered.  And  in  this  connection  it  is  wise  to  hold  a  temperate  and 
reasoned  opinion  which  avoids  impracticable  extremes.  The  fact  that  wire,  plates,  and 
screws  have  often  been  unwisely  used  and  caused  trouble,  is  not  sufficient  reason  to 
reject  metallic  suture  when  this  will  afford  definite  advantages.  That  there  is  nothing 
essentially  hostile  to  a  graft  in  the  presence  of  metal  sutures  is  proved  by  the  many 
cases  in  which  success  has  followed  this 
method  of  fixation.  In  13  out  of  19  success- 
ful cases  in  the  present  series  metal  sutures 
were  used.  If  it  is  admitted  on  the  one  hand 
that    firm    fitting   without   metal  sutures    is 


Fig.  222.— Forearm  bones  from  Case  23. 
There  was  mal-uaion  of  the  radius  and  a  large 
gap  in  the  nlna. 


Fig.  223. — ^The  same  bones  after  operation. 
As  the  radius  was  displaced  away  from  the  nlna, 
it  was  left  alone.  The  nlna  was  united  by  a  loni; 
tibial  graft,  pee<;ed  into  the  lower  fragment  and 
united  to  the  upper  by  two  split-pins. 


always  the  ideal  method  of  grafting,  it  must,  I  think,  also  be  granted  that  firm  fixation 
by  metal  sutures  is  better  than  insecure  fixation  without,  and  I  have  given  experimental 
demonstration  of  this.  There  are  many  cases  where  the  graft  has  to  be  laid  with  some 
tension — i.e.,  the  graft  itself  has  to  act  as  a  splint  securing  alinement.  Such  a  case 
is  well  illustrated  by  the  common  fracture  of  the  radius — cf.  Case  6,  Figs.  214,  215. 
In  such  a  case,  if  a  strong  graft  is  securely  bolted  or  pinned  to  its  bed,  then  it  will 
heal  well  ;  whereas  if  it  was  merely  tied  in  its  place,  it  would  surely  allow  angulation 
to  occur,  and  probably  the  graft  would  be  extruded. 
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I  have  successfully  used  encircling  iron  wire,  split-pins,  bolts,  and  plates  for  the 
fixation  of  a  graft,  and  these  various  methods  are  so  well  shown  in  the  accompany- 
ing radiograms  that  it  is  hardly  necessary  to  describe  them  in  detail.  The  split-pin 
is,  however,  the  method  which  gives  me  the  greatest  satisfaction.  These  pins  are  the 
ordinary  cotter-pins  to  be  bought  at  any  ironmongers.  I  use  them  in  thicknesses  of 
tV'  ttV'  ^^^  i  •"•  ^^^  bone  bed  and  the  graft  are  perforated  by  a  suitable  drill, 
the  pin  thrust  through,  and  its  ends  are  turned  up  and  cut  off  and  pressed  home 
(Figs.   213,   219). 

Another  point  to  be  borne  in  mind  is  that  the  use  of  firm  metal  fixation  will 
greatly  simplify  after-treatment,  inasmuch  as  much  less  plaster-of-Paris  immobilization 


Fig.  224. — Tibia  from  Case  43.     Successfully  united  by  an  inlay  craft  from  the  opposite  tibia  fitted  without 

the  use  of  metal  sutures. 

is  then  required.  In  the  forearm  bones,  for  example,  the  limb  is  kept  on  a  simple 
splint  for  a  few  days  until  the  smooth  healing  of  the  wound  is  secured  ;  then 
plaster  is  applied  for  two  or  three  weeks ;  and  after  this  the  man  is  set  to  light  work 
without  any  splint  or  plaster  of  any  kind  ;  and  I  claim  that  in  this  way  much  more 
rapid  restoration  of  function  is  obtained  than  by  keeping  the  limb  for  months  in 
plaster. 

"X    Results   obtained   by    Bone  Grafting  in    the   Present    Series, — The   series   contains^ 
34  cases  of  autogenous  bone  grafting.     Of  these,   10  (29-4  per  cent)  have   been   failures, 
5  (14-7  per  cent)  have  been  eventual  successes  in  producing  bone  union  after  extrusion 
of  the   graft   (Fig.   211),   and    19   (55'8  per  cent)   have   been   complete  successes. 
The  results  are  further  analyzed   in   the   following  table  : — 


XUMBKR 

Failures 

PARTIAL 

Complete 

OF  Cases 

Successes 

SUa'ESSES 

Radius 

10 

3 

1 

6 

Ulna  . . 

12 

4 

1 

7 

Humerus 

3 

1 

1 

1 

Tibia 

4 

1 

2 

1 

Femur 

5 

1 

— 

4 

Totals 

34 

10 

5 

19 
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The  most  important  matter  for  consideration  is  that  of  the  failures  and  their  causes. 
In  every  one  of  the  15  cases  where  success  was  not  complete,  the  cause  of  failure 
can  now  be  traced. 

In  four  cases  (1,  2,  10,  14)  the  operation  was  performed  much  too  early,  i.e.,  in 
periods   of  a   few  days   up  to   three  weeks  after  healing. 

In  three  cases  (3,  17,  42)  only  scanty  contact  between  the  graft  and  its  bed  was 
secured. 

In  one  case  (13)  a  sliding  graft  was  done  ;  that  is  to  saj',  sclerosed  avascular 
bone  was  taken   from  one   fragment   and  made  to   bridge  the  gap. 

In  one  case  (18)  the  patient  fell  on  his  arm  and  broke  the  graft,  bursting  open 
the   wound. 

In  one  case  (29)  the  graft  was  laid  in  unhealthy  bone  which  should  have  been 
removed. 

In  one  case  (56)  too  complicated  a  procedure  was  adopted,  and  the  patient  died 
of  shock. 

In  one  case  (28)  the  humerus  was  not  immobilized  adequately,  and  the  arm, 
hanging  on   the   graft,   broke   the   fixation. 

In  two  cases  (41  and  44)  scars  in  front  of  the  tibia  were  not  sufficiently  replaced 
by    healthy    tissue    before   grafting. 

In  one  case  (20)  periosteal  flaps  with  thin  bone  scales  adhering  to  them  were 
turned   down   over  the  gap,   and   produced   only   a   shred   of  bone. 

In  contemplating  these  results,  my  feelings  are  those  of  mingled  disappointment 
and  hope — disappointment  that  the  proportion  of  successes  has  been  so  small,  and 
hope  that  by  the  experience  gained  one  may  be  able  in  the  future  to  avoid  causes  of 
failure  which  are  seen  to  be  so  obvious,  and  therefore  so  jwssible  of  evasion. 

In  conclusion,  it  is  my  pleasant  duty  to  thank  Dr.  Honeyford,  Captain  Moore,  and 
Captain  ^Vace  for  the  indispensable  help  they  have  given  me  both  in  the  operations  and 
after-treatment  of  these  cases. 


[Paiiieulars  of  Cages  on  next  page. 
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partici)l;\ 


Cask 

AND    AGE 


Pte.  W.  W. 

Age  33 


Cpl.    C.     N. 
Age  21 


Pte.     J.     C. 
Age  24 

4 
Pte.  C.  S. 


Pte.  T.  Q. 
Age  30 

G 

Gnr.  S.  W. 

Age  41 


Gnr.  T.  S. 

Age   37 

8 

Sgt.  C.  W.  S. 

Age  40 


Pte.  W.  A.  R. 
Age  20 

10 

Pte.  J.  G. 

Age  35 

11 
Pt«.  J.  McM. 

Age  28 

12 

L-Cpl.    R.    G. 

Age  35 


13 

Pte.  H.  T. 

Age  27 

14 

Pte.  G.  W. 

Age  27 

15 
Pte.  D.  McC. 


If) 

Cpl.  G.  E. 

Age  23 

17 
Cpl.  A.  G.  P. 

Age  25 


Radius 


Radius 


Radius 


Radius 


Radius 


Radius 


Radius 

(closed 

fracture) 

Radius 


Radius 


Radius 


Radius 


Radius 


Ulna 


Ulna 


Ulna 


Ulna 

(closed 

fracture) 

Ulna 


Cause  of 

NON-UMON 


Gap  IJ  in. 


Gap  2  in. 


Gap  IJ  in. 


Gap    J   in. 
and  dis- 
placement 

Gap    1    in. 
and  dis- 
placement 


5  months 
non-union, 

3  weeks  healed 

10  months 
non-union, 
just  healed 

10  months 

non-union. 

2  months  healed 

12   months 

non-union, 

5  months  healed 

6  months 
non-union, 

4  months  healed 


Gap  2  in.  5  months 

non-union, 
3  months  healed 


Displace- 
ment 


Displace- 
ment 


Gap  2  in. 
Gap  2  in. 
Gap  IJ  in. 
Gap  1  in. 


Displace- 
ment 


Gap  2  in. 


Ebumation 
and  plating 


Displace- 
ment 


Displace- 
ment     and 
gap  I  in. 


1  month 
non-iuiion, 
no  wound 

8  months 

non-union, 

7  months  healed 

13  months 

non-union, 

3  months  healed 

10  months 

non-union, 

recently  healed 

4  months 
non-union, 

3  months  healed 

10  months 
non-union, 

4  months  healed 


12  months 

non-union, 

3  months  healed 

4  months 

non-union, 

recently  healed 

17  months 
non-union, 

12  months  healed 

18  months 
non-union, 
no  wound 

1 1  months 

non-union, 

3  months  healed 


OPERATION 


Naked  tibial  graft,  fixed  by  wire . , 


Naked  tibial  graft,  fixed  by  wire  (Fig^i.  208,  209) 


Naked  tibial  graft,  fixed  by  one  wire  and  one  ivory  naii 
each  end 


Fibula  graft,  fixed  by  one  wire  and  two  ivory  nails  at  ead 


Excision  of  scar.     Tibial  graft  with  periosteum  suppoi ' 
a  metal  plate  {Figs.  220,  221).     No  after-splint  use, 


Preliminary    scar   excision    1    month    before  bono  operatti 
Mai -union  of  ulna  corrected  and  united  by  step-cut. 
Tibial  graft  with  periosteum  fixed  at  each  end  by  two  spl 
pins  (Fig^.  214,  215). 

Curved  ivory  plate,  fixed  by  6  ivory  nails . . 


Attempt  to  use  a  sliding  graft  abandoned  because  of  ten| 
necessary  to  secure  alinement.  Tibial  graft  with  periost*! 
fixed  by  6  pins  (Figs.  212,  213).  ..  ••  : 


Preliminary  replacement  of  scar  tissue  by  skin  flap  from  ol 
Two  tibial  grafts  with  periosteum  bolted  together,  one  i 
side  of  fragments  ' 

Naked  tibial  graft,  fixed  by  wire.     Scar  tissue  was  not  remp' 


Naked  tibial  graft  fixed  by  wires 


Preliminary  operation  for  removal  of  scar  and  bone  dibr 
Tibial  graft  with  periosteum,  6  in.  long,  shap«^d    as   a  p 
at  each  end,  driven  into  marrow  cavity  of  shaft  at  one  W 
and  let  into  the  other  after  splitting  (Figs.  210,  217) 

Sliding  graft.     The  boAe  was  very  dense  and  avasculai 
marrow  cavity  being  obliterated 


Sliding  graft,  fixed  by  wire 


Plate  and  four  screws  which  were  loose  removed.  MtilOf 
drilling  of  ends  to  promote  vascularity.  Tibial  isr.dt  ■' 
out  periosteum  fixed  by  wire  (Fig.  210) 

Five  previoMS  operations,  wiring  and  plating,  had  I"    ■' 
Sliding  bone  graft 

Fibula  graft,  fixed  by  two  nails  and  one  wire  to  eaeli 
ment 
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CASES. 


Op)eration  was  done  within  3  weeks  of  healing  of  wound,  and  the  scars  were  not  excised  as  a  preliminary. 
Chronic  suppuration  from  7th  day  onwards  until  removal  of  graft  after  5  months.  Some  new  bone  had 
formed,  but  not  enough  for  union. 

Operation  done  directly  wound  had  healed.  Whole  of  scar  tissue  sloughed.  Graft  removed  after  3  months. 
Gap  reduced  to  1  in.  but  no  union.  There  was  obviously  insufficient  contact  between  the  g:raft  and  its  bed 
{Fig.  209). 

ure         Operation  2  months  after  healing.      Suppuration  not  manifest  until  10  days  after  operation.     Graft  removed 
after  4  months. 

XS8     ,  Five  months  after  operation,  good  function  in  hand. 

resB     '  There  was  such  a  strong  tendency  to  displacement  of  both  radial  fragments  towards  the  ulna  that  a  plate  was 
necessary  to  reinforce  the  graft.     Good  strong  hand-grip  8  months  after  operation. 

•  Five  months  after  operation  has  a  strong  hand-grip  with  supple  movements,  including  rotation  of  wrist.     Within 

•  two  months  of  operation  he  could  do  ba.sket -making,  wearing  only  a  light  cock-up  splint. 

Rapid  recovery  of  function.     Discharged  to  military  duty  after  2  months. 

Rapid  recovery  of  function.     Discharged  to  Command  Depjt  2  months  after  operation. 

Remarkable  instance  of  the  value  of  the  periosteum.  Four  months  after  operation  a  sinus  persisted.  Wound 
opened  :  the  dense  parts  of  the  graft  were  partly  necrosed,  btit  there  was  a  heaN-y  deposit  of  new  bone 
from  the  superficial  parts  of  each  graft,  forming  a  perfect  union. 

•ial      I  Premature  operation.     Scars  should  have  been  excised.      The  scar  tissue  broke  down,  and  the  graft  was  in 
part  extruded.     Much  new  bone  was  deposited,  so  that  weak  union  was  established. 

j 

I   An    example   of   success   with    a   naked   graft    without    periosteum.     After    2   weeks,  massage   begun.     After 
I      2  months,  discharged  for  military  duties. 

I   Verj'  satisfactory  result.     After  two  weeks  in  plaster  he  wore  only  a  light  cock-up  splint  and  was  able  to  do 
I      basket-work.     Three  months  after  operation  his  arm  is  almost  normal. 

ire      i  The  incision  healed,  but  the  original  scar  broke  down.      This  should  have   been  excised  as    a   preliminary. 
It  would  have  been  better  to  have  taken  a  tibial  graft,  because  the  ulna  itself  had  become  so  ebumated. 

WB      1   Premature  operation.     All  the  scar  tissue  broke  down,  exposing  the  graft. 

; 

I 

888     I   The  drilling  of  the  fragments  was  done  to  cause  luiion,  but  failed  in  this  object  until  the  bone  graft  was  used 
two  months  later.     Firm  union  and  good  fiuictional  result. 

Two  months  later,  good  fxmctional  result,  and  patient  was  discharged  to  Command  Depot. 

ial      !  Ten  days  after  healing  the  wound  broke  down.      After  4  months  the  graft  was  removed.     There  was  some  new 
bone  and  a  weak  union. 

Continued  on  next  pnge 
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PARTICULARS     4 


Cask 

AND  AGE 

BONE 

Cause  of 
non-union 

Period 

18 

Pt«.  J.  L. 

Ulna 

Gap  IJ  in. 

9  months 

Age  23 

non-union, 
3  months  healed 

19 

Pte.  G.  A. 

Ulna 

Gap  1  in. 

9  months 

non-union, 

4  months  healed 

20 

Pte.  A.  G. 

Ulna 

Gap  IJ  in. 

10  months 

Age  38 

non-union, 
4  months  healed 

21 

Pte.  E.  C. 

Ulna 

Displace- 

6 months 

Age   19 

ment 

non-union. 
4  months  healed 

22 

Pte.  R.  G.  I. 

Ulna 

Old   osteo- 

34  years 

Age  42 

myelitis 

non-union, 
no  recent  wound 

23 

L-Cpl.  F.  C. 

Ulna      • 

Gap  3  in. 

18  months 

Age  23 

non-imion, 
5  months  healed 

24 

Pte.    G.    J. 

Ulna 

Gap  2  in. 

12  months 

Age  22 

non-imion, 
4  months  healed 

25 

Pte.  H.  C. 

Ulna  and 

Gap  1  in. 

6   months 

rfidius 

non-union, 

wounds    vm- 

healed 

26 

Lt.   W.   A.   C. 

Ulna    and 

Ebumation 

8   months 

Age  25 

radius 

and  plating 

non-union, 
no  wound 

27 

X 

Pte.  J.  S. 

Radius  and 

Necrosis 

— 

Age  35 

ulna 

28 

8gt.  R.  A. 

Htunerus 

Gap  1  in. 

8  months 

Age  34 

non-union, 
3  months  healed 

29 

Pte.  F.  B. 

Humerus 

Gap  IJ  in. 

11  months 

Age  33 

non-union, 
4  months  healed 

30 

Pt«.  T.  S. 

Humerus 

Loss  of  lower 

7  months 

third  of  bone 

non-union, 
3  months  healed 

31 

Pte.  H.  M. 

Humerus 

Gap  1 J  in. 

15  months 

Age  41 

non-union, 
3  months  healed 

32 

L-Cpl.  C.  H. 

Humerus 

Displace- 

7 months 

Age  26 

ment 

non-union, 
3  months  healed 

33 

Pte.  J.  R. 

Humerus 

Gap  IJ  in. 

17  months 

Age  27 

non-union. 
3  months  healed 

Long  naked  tibial  graft,  fixed  by  wire  and  ivory  nails 


Sliding  graft,  fixed  by  wire 


1.  Scars  excised  as  a  preliminary. 

2.  Two   flaps   of   periosteum    3   in.    long   turned   down   froi 
upper  fragment  and  sewn  to  lower,  taking  a  thin  lay  ■ 
bone  with  them 

The  ulna  was  overlapping,  and   was   united   by   a   step-ci 
operation.     (The  radius  had  been  fractured  but  was  unitw 


The  radius  was  dislocated,  and  it  was  this  which  caused  tl: 
disability.  Ulna  replaced  by  a  long  tibial  graft  with  i1 
jjeriosteum,  united  above  to  the  olecranon  by  pins.  Hca 
of  radius  removed  (Figs.  218,  219). 

Two  preliminary  operations  for  removal  of  scars  and  sequt 

Long  tibial  graft   with   periosteum  :   lower  end,  peg-sli. 

driven  into  distal  fragment  ;  upper  end  fixed  by  pins 


Operation  exactly  similar  to  last 


Ulna  was  shortened,  and  united  bj'  a  step-cut.  This  allowe 
the  radius  to  come  together  and  the  divided  muscles  to  I 
sutured 


Step-cut  operation  for  both  bones  ;    joined  by  bolts 
182,   183,   184,   185) 


Operation  revealed  a  number  of  small  bits  of  bone  betwee 
the  main  fragments.  These  were  removed,  and  both  bow 
rniited  by  a  step -cut 

Naked  tibial  graft,  fixed  by  four  wires   . . 


1.  Naked  tibial  graft,  fixed  by  four  bolts. 

2.  After  failure  of  graft  the  bone  was  fixed  by  two  aluminm 
plat«s 

Ulna  cut  through  and  turned  up  and  pegged  into  humeri 


Shaft  shap>ed  as  a  peg  and  impacted  into  head,  fixed  by  tv 
wires  threaded  through  ivory  tubes  {Figs.  201,  202) 


Step-cut  operation,  united  by  two  bolts  . . 


Several  preliminary  operations  for  removal  of  scar  tis.*': 
Step-cut  operation,  using  a  natural  spur  of  the  upper  en 
one  step 
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SS — continued. 


Twelve  days  after  operation  patient  fell  on  his  arm,  fracturing  the  graft  and  breaking  open  the  wound.     Two 
months  later  graft  removed. 

Rapid  recovery  of  function.     Discharged  to  civil  employment  after  3  months. 


Eire  1  An  instructive  example  of  the  feeble  osteogenesis  of  periosteum.  After  4  months  two  little  lines  of  bone  could 
be  seen,  but  there  was  no  skeletal  union  ;  6  months  after  operaticm  a  sinus  formed,  and  both  pieces  of  bone 
were  extruded. 

Discharged  for  military  service. 


So  much  shortening  of  the  arm  had  occurred  that  it  was  impossible  to  replace  the  radial  head.     His  arm  is 
now  fairly  strong,  his  grip  is  good,  and  he  can  flex  the  elbow  to  an  acute  angle  and  fully  extend  it. 


The  radius  had  been  fractured,  but  had  firmly  imited.     It  was  angulated  away  from  the  ulna  and  therefore 
not  re-fractured.     Xo  splint  was  worn,  and  rapid  restoration  of  function  took  place. 


Discharged  for  civU  employment. 


A  part  of  the  radius  and  the  overlying  flexor  muscles  had  been  blown  away.     Only  by  shortening  of  the  ulna 
coidd  the  muscles  be  restored.     The  muscles  are  now  acting  well,  but  the  radius  has  not  yet  tinited. 


A  simple  fracture,   f>erfectly   plated,  but   in   spite  of  primary   healing  non-union    occurred,   the  screws  being 
loose.     Good  strong  arm  3  months  after  the  step-cut  operation.      Returned  to  military  service. 


aal      [  Suppuration  occurred  and  was  difficult  to  cure.     After  6  months  there  was  good  union  in  both  bones,  but  it 
I      j     it  is  clear  that  the  bits  of  dead  bone  should  have  been  removed  before  anything  else  was  done. 


tial      i  If  the  arm  had  been  put  up  in  plaster  it  would  probably  have  succeeded.       .As  it  was,  the  weight  of  the  arm 
!     pulled  the  graft  out  of  place,  and  the  latter  had  to  be  removed  after  4  months.     Good  union  occurred  from 
callus  stimulated  by  the  graft  (Fig.  211). 

me      I  Failure  in  both  cases  was  due  to  not  going  wide  enough  of  the  unhealthy  wound  and  taking  hold  of  good  bone 
tissue.     He  is  waiting  for  a  further  operation. 

ure      ,  He  had  complete  musculospiral  paralysis,  and  after  failure  of  this  operation  the  arm  was  amputated. 

i 

I 
seas      .  There  was  no  room  for  any  form  of  plate  or  graft.     The  only  alternative  would  have  been  removal  of  the  head 

';     of  the  humerus.     By  passing  the  wires  through  ivory  tubes,  the  former  were  prevented  from  cutting  out. 

^     I 

5688      I  There  had  been  musculospiral  weakness,  which  rapidly  recovered  after   the    bone   operation.     It   must   have 
I     been  due  to  dragging  on  the  nerve.     Discharged  after  3  months  to  military  service. 

ure         It  was  a  mistake  to  rely  upon  an  end  of  unhealthy  bone  for  union.     It  should  at  any  rate  have  been  reinforced 
j     by  a  plate.      The  upper    step  broke  off,  and,  after  discharge    of  patient   to  another  hospital   the   arm  was 
amputated. 

CmvmMed  on  nan  page 
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PARTICULARS 


Case 

AND  AGE 

BOKE 

Cause  or 

NOS-UMON 

PERIOD 

34 

Pte.  H.  G. 

Humerus 

Displace- 

6 weeks 

Age  32 

ment 

non-union, 
no  wound 

35 

Sgt.  J.  H. 

Humerus 

,  Displace- 

7  months 

Age  32 

ment 

non-union, 
2  months  healed 

36 

Sgt.    G.    P. 

Humerus 

Gap   1  in. 

6  months 

Age  25 

non-union, 
3  months  healed 

37 

Pte.  J.  R. 

Humerus 

Gap   1   in. 

13  months 

Age  23 

non-union, 
1  month  healed 

38 

Pte.  A.  B. 

Humerus 

Loss  of  lower 

7   months 

Age  24 

third 

non-union, 
3  months  healed 

39 

Sgt.  F.  R. 

Humerus 

Necrosis 

12  months 

Age  23 

non-union, 
3  months  healed 

40 

Pte.  J.  B. 

Humerus 

Loss  of  lower 

10  months 

Age  32 

third 

non-union, 
6  months  healed 

41 

Pte.  J.  C. 

Tibia 

Gap  IJ  in. 

12  months 

Age  26 

non-union, 
3  months  healed 

42 

Pte.  J.  L. 

Tibia 

Gap  1  in. 

2  years 

Age  22 

non-union, 
6  months  healed 

43 

Pte.  W.  S. 

Tibia 

Gap  IJ  in. 

13  months 

Age  30 

non-union, 
2  months  after 
excision  of  scar 

44 

Sgt.  F.  H. 

Tibia 

Gap  2  in. 

8  months 

Age  30 

non-union, 
3  months  healed 

4r, 

Pte.  W.  F. 

Femur, 

Displace- 

3 months 

Age  20 

middle 

ment 

non-union, 
.no  wound 

46 

Pte.  A.  C. 

Femur, 

Displace- 

3 months 

Age  22 

neck 

ment 

non-union,    2 
months  healec 

47 

Cpl.  R.  J. 

Femur, 

Displace- 

7 months 

Age  24 

middle 

ment 

non-union, 
3  months  healed 

48 

Pte.  J.  U. 

Femur, 

Displace- 

12 months 

Age  26 

neck 

ment 

non-union,  10 
months  healed 

49 

Pte.  J.  H. 

Femur, 

Displace- 

3 months 

Age  26 

upper  third 

ment 

non-union 

50 

J.  J. 

Femur, 

Displace- 

10 years 

Age  49 

middle 

ment 

non-union, 
no  wound 

Operation 


Short  ivory  intramedullary  peg  {Fig.    192) 


Step-cut  operation 


Step-cut  operation,  reinforced  by  double  aluminiuii 


Step-cut  operation,  supported  by  two  plates  bolted  to( 


Tibial  graft  driven  into  lower  end  of  humerus  as  a  pej 


Step-cut  operation,  bolted.     Necrosed  fragments  were 
in  some  pus 


Ulna  divided   at  lower  third,    turned  up,  and   pegged 
humerus 


Graft  from  opposite  tibia,  fixed  by  wires 


Graft  from  opposite  fibula  bolted  through  the  tibia  to 
of  same  side 


Preliminary  scar  excision.  Inlay  graft  from  opposite 
fitted  without  suture.  Plaster-of-Paris  for  three  m 
{Fig.   224) 


Inlay  graft  from  opposite  tibia  fixed  by  wires.     Tin- 
graft  was  prepared  six  weeks  before  use  by  multiple  di 
in  situ 


Bolted  plate  . . 

Tibial  bone  peg  {Figs.   203,   204) 

Bolted  plate  (Fig.    177) 


Previous  operation  by  a  single  screw,  which  had  l)en( 
become  displaced.     Tibial  bone  peg 


Short  ivory  peg  {Fig.   193) 


Double  bolted  plates     . . 
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SES — ■continued. 


iOVt 


■ceaa        Discharged  to  Command  Depot.- 

hceas        Slow  but  good  return  of  function. 

cess  The  bone  had  been  so  widely  comminuted  that  the  plates  were  necessary  for  strength.  Discharged  to  civil 
employment. 

cess     1  Operation  rather  prematuire.     Plates  had  to  be  removed  aft«r  3  months  because  of  sinus.     Good  bone  union. 

i 

cess  1  The  arm  was  put  up  flexed,  and  the  end  of  the  graft  came  through  the  skin  and  a  small  portion  had  to  be 
removed.  It  would  have  been  better  to  put  the  arm  up  in  extension,  so  as  to  burj'  the  graft  in  soft 
tissues. 

lure      1  Suppuration.     The  necrosed  bone  should  have  been  removed  without  any  further  operation. 

I  -tial         .\  f)art   of  the  reversed  ulna  was  exfoliated,   but   the  remainder   healed    well    in    its   new    position,  and    he 
cess  promises  to  have  a  useful  arm. 

p-tial         The  anterior  scars  broke  down,  and  the  graft  was  slowly  exfoliated  piecemeal.     There  was  solid  union  of  the 
cess  original  bone,  and  sound  healing  after  8  months. 

lure     I  Too  elaborate  an  operation.     There  was  never  accurate  fitting  between  the  graft  and  its  bed.    Necrosis  occurred, 
I     and  eventually  the  leg  was  amputated. 

j 

cess  ;  There  was  a  temporarj-  breakdown  of  the  scar  and  a  trifling  exfoliation  of  the  graft.  Strong  firm  union.  Dis- 
charged to  civil  emploj-ment. 

iiate     j   The  anterior  scars  gave  way  partially  in  spite  of  having  been  replaced  by  new  skin.     The  graft  was  slowly 
rJeeK  exfoliated,  but  when  it  had  been  entirely  removed  there  was  firm  union  between  the  original  fragments  and 

:ross-union  with  the  fibula.     Discharged  to  civil  employment,  walking  well.  ' 


Plate  removed  after  4  months.     Perfect  tmion  of  bone,  but  much  wasting  of  muscles  and  a  rather  stiff  knee. 
Ci\Tl  emploj-ment. 

Twelve  months  later  he  could  walk  and  run,  so  that  it  was  im|>ossible  to  guess  which  had  been  the  injured  leg. 

I  cess     ]  The  plate  was  removed  6  months  later  because  of  an  abscess.     The  bone  was  firmly  united  and  the  two  legs  the 
same  length. 

cess        Five  months  later  could  walk  well.     Discharged  for  ci\'il  employment. 

I  It  was  a  clean  simple  fracture  of  transverse  direction.     Hence  the  suitabilitj'  for  this  simple  operation. 

ath       I  He  was  a  big  man  with  a  fatty  heart.     The  operation  was  long  and  difficult.      He  died  48  hours  later,  never 
rallying  from  the  shock  of  the  operation. 

Contintieil  on  next  page 
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PARTICULAR 


Cask 

ASD  AGE 

BOXE 

Cause  of 

NON-UMON 

PEIUOD 

Operation 

51 

Pt«.  J.  J. 

Femur, 
middle 

Displace- 
ment 

12  months 

non-union, 

3  months  healed 

Bolted  plate   . . 

52 
Pt€.  E.  R. 

Femur, 
neck 

Displace- 
ment 

9  months 

non-union, 

8  months  healed 

Tibial  bone  peg 

53 

J.  R. 

Age  50 

Femur, 
middle 

Displace- 
ment 

3  months 
non-union, 
no  wound 

Short  intramedullary  ivory  peg 

54 

Pte.  C.  H. 

Age  22 

Femur, 
lower  third 

Displace- 
ment 

3  months 

non-union, 

wounds  unhealed 

Lower  end  was  pressing  back  on  popliteal  vessels. 
Bolted  plate,  very  difficult  operation 

65 
Pte.  H.  E. 

Age  24 

Femur, 
middle 

Displace- 
ment 

7   months 

non-union, 

6  months  healed 

Long  graft  from  the  fibula  {Figs.   205,   206) 

56 

Pte.  A.  S. 
Age  25 

Femur, 
upper    end 

Gap  2  in. 

6  months 

non-union, 

3  months  healed 

Preliminary  excision  of  scar  followed  by  transfixion  ext 
Double  graft  from  tibias.       One  driven  into  each  fn 
and  then  bolted  together 

67 
Lt.  L.  S. 

Age  27 

Femur, 
upper  end 

Displace- 
ment 

5    months 

non-union, 

3  months  healed 

Steel  cylinder,  9  in.  long,  pushed  down  from  trochant 
marrow  cavity.    Removed  after  8  weeks  {Figs.  196,  11 

68 

J.  R. 

Age  29 

Femur, 
upper  end 

Displace- 
ment 

16  months 
non-union, 
unhealed 

Steel  rod,  cross-shaped  in  section,  thrust  down  the  i 
cavity  from  trochanter  {Figs.   194,   196) 

59 

Pte.  J.  C. 

Age  24 

Femur, 
upper   end 

Displace- 
ment 

10  months 

non-union, 

2  months  healed 

Had  been  very  septic  and  a  large  part  of  the  musol 

fracture  had  been  lost. 
Steel  rod  thrust  into  marrow  cavity 

60 

Pte.  VV.  B. 

Age  41 

Femur, 
upper  end 

Displace- 
ment 

3  months 
non-imion, 
no  wound 

Ivory  peg,  6  in.  long,  J  in.  thick,  pushed  down  from  trc 
into  marrow  cavity  {Figs.  199,  200)            ^ 
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fei — continued. 


!  The  friable  bone  was  fractured  by  the  bohs.     The  plate  was  removed  after  4  months.     Eventual  sound  union. 
I     Poor  function. 


!S8      '  Slow  restoration  of  function. 


88        Slow  union,  but  good  result  after  6  months. 


Moist  gangrene  of  the  leg  due  to  injury  of  the  popliteal  vessels  ;    amputation.     Severe  tetanus,  cured  by  anti- 
tetanic  serum. 


Much  comminution,  but  no  scar  of  wound.     Upper  end  tilted  forward.     Smooth  healing,  but  very  little  new 
bone  formation.     Still  under  observation,  walking  on  crutches  G  months  after  operation. 

;h  Severe  shock,  from  which  he  died.  It  was  a  mistake  to  operate  on  3  large  bones  at  the  same  time.  Lungs, 
brain,  and  kidneys  showed  fat  emboli,  but-4iu>ugh  these  were  abundant,  I  do  not  think  that  they  had  any- 
thing to  do  with  death. 

The  bone,  especially  the  upper  fragment,  was  too  atrophied  to  take  screws.     Six  months  after  operation  he  is 
walking  well  with  crutches.     There  is  still  an  unhealed  sinus. 

The  rod  is  still  in  position,  6  months  after  insertion.     Union  is  very  slowly  occurring. 


tktion 


t 


The  wound  gave  way  over  site  of  fracture,  and  profuse  suppuration,  not  cured  by' removal  of  the  rod,  was 
set  up.     Subsequent  amputation. 


h       j  Appeared  to  do  perfectly.     Eight  weeks  after  operation  developed  influenza.     Leg  swelled,  and  on  being  opened 
was  full  of  blood  with  a  little  pus.     Death  2  days  later.     Femur  had  made  a  perfect  union. 
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THE  TREATMENT  OF  DISABILITIES  OF  THE  UPPER    EXTREMITY 

IN  MILITARY  SURGERY. 

By  Major  NAUGHTON  DUNN,  R.A.M.C,  Bibmingiiam. 

Of  the  cases  admitted  to  a  military  orthopaedic  hospital,  48  per  cent  suffer  from  some 
disability  of  the  upper  extremity.  In  many,  the  wounds  are  healed  ;  but  in  practically  all 
there  is  limitation  or  loss  of  movement  in  one  or  more  of  the  joints  of  the  limb.  Owing 
to  the  recognition  of  the  fact  that  the  best  artificial  arm  is  a  poor  substitute  for  the  original, 
every  effort  is  made  to  avoid  amputation  in  the  acute  stage  ;  it  therefore  falls  to  the 
lot  of  the  orthopaedic  surgeon  to  solve  many  problems  of  extreme  interest  and  difficulty. 
The  risks  incurred  in  saving  limbs  abroad  are  only  justified  if  we  in  this  country  can 
restore  them  to  at  least  a  moderate  degree  of  usefulness.  One  knows  that  much  dis- 
ability is  inevitable,  owing  to  pressure  of  work  both  abroad  and  at  home,  but  it  is 
important  that  all  surgeons  should  realize  the  important  principles  of  treatment,  and 
how  and  when  to  apply  them. 

The  hand  being  the  essential  part  of  the  upper  extremity,  I  propose  to  deal  first  with 
its  disabilities  and  their  treatment.  With  one  exception — suture  of  nerves — restoration 
of  grasp  should  be  our  first  endeavour.  Once  useful  movement  of  the  thumb  and  fingers 
is  procured,  the  patient's  enthusiasm  is  enlisted,  and  the  surgeon  is  assured  of  his  active 
co-operation  in  any  further  operative  procedure  necessary  to  mobilize  or  alter  the  position 
of  the  larger  joints.  An  exception  to  this  rule  is  made  in  the  case  of  lesions  of  nerves, 
mainly  because  the  period  necessary  for  regeneration — -a  physiological  process  without 
which  complete  functional  recovery  is  not  possible — allows  ample  time  for  the  treatment 
of  the  deformity  or  loss  of  movement  of  the  joints  themselves. 

THE    HAND. 

Direct  Injury. — In  cases  where  there  has  been  direct  injury  of  the  hand,  with 
ankylosis  of  one  or  more  joints  and  general  rigidity  of  all,  our  first  endeavour  should 
be  to  get  as  much  functional  recovery  as  possible  before  resorting  to  any  operative  pro- 
cedure ;  until  the  patient  has  recovered  volitional  control  of  what  we  know  to  be 
potentially  possible,  plastic  surgery  is  contra-indicated.  Frequently  the  patient  has  had 
his  arm  splinted  and  slung  for  many  months,  and  treatment  by  baths,  massage,  etc., 
will  be  necessary.  After  a  few  weeks  of  this,  we  find  one  of  three  conditions  in  the  fingers  : 
Either  (1)  There  has  been  very  marked  improvement  ;  or  (2)  The  periarticular  structures 
have  become  thickened,  oedematous,  and  tender  ;  or  (3)  There  is  limitation  of  flexion,  due 
to  the  shortening  of  the  structures  on  the  extensor  aspects  of  the  forearm  or  hand. 

1.  In  the  first  case  we  force  the  joint  a  little  further  than  has  previously  been  done, 
and  the  definite  snap  of  adhesions  is  felt.  This  is  an  indication  that  forcible  manipulation 
under  an  anaesthetic  will  hasten  recovery. 

2.  In  the  second  class  of  case,  where  there  has  been  considerable  reaction  to  move- 
ments without  anaesthesia,  and  the  joint  tends  to  spring  back  to  its  extended  position  on 
further  forcing,  the  treatment  should  be  rest,  massage,  and  gradual  flexion  later. 

3.  In  the  third  case,  the  flexion  of  all  joints  is  free,  but  it  is  not  possible  to  combine 
their  movements.  With  the  metacarpo-phalangeal  joints  in  the  extended  position,  flexion 
of  the  interphalangeal  joints  is  possible,  but  when  the  metacarpo-phalangeal  joints  are 
flexed,  the  interphalangeal  joints  resist  flexion.  In  this  case,  again,  we  must  depend  on 
graduated  splintage.     A  short  cock-up  splint  is  applied  to  the  wrist  and  fixed  with  plaster- 
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of-Paris,  which  also  maintains  the  metacarpo-phalangeal  joints  in  flexion.  The  inter- 
phalangeal  joints  will  then  be  extended,  and  gradual  flexion  of  these  will  give  the  stretching 
of  extensor  tendons  necessary  for  a  good  grasp.  If  the  shortened  tendons  are  involved 
in  scar  adherent  to  the  metacarpal  bones,  the  scar  should  be  dissected  out  and  free  motion 
of  the  metacarf)o-phalangeal  joints  obtained  before  any  suture  of  the  tendons  is  attempted. 
Flexion  of  the  metacarpo-phalangeal  joints  should  be  maintained  until  the  patient  can 
voluntarily  increase  the  degree  of  flexion  obtained  by  fixation.  Where  the  thumb  is 
adducted,  its  position  must  first  be  corrected,  in  order  to  clear  the  grasp. 

In  cases  with  fair  movement,  but  where  further  recovery  is  unduly  retarded  by  the 
ankylosis  of  one  or  more  joints,  pseudarthrosis  may  be  necessarj'  as  a  preliminary'. 
Remembering  that  complete  movement  of  individual  fingers  is  not  possible  in  the  normal 
hand  where  either  the  third,  fourth,  or  fifth  finger  is  held  fixed  in  the  extended  f)osition, 
pseudarthrosis  of  one  or  more  of  these  joints  may  be  necessary  to  allow  the  full  functional 
recovery  of  the  others. 

Common  Disabilities  of  the  Hand  directly  associated  with  Injuries  of  Individual 
Nerves. 

1.  Ulnar  Xerve. — Contracture  of  the  interphalangeal  joints  of  the  fourth  and  fifth 
fingers,  hyper-extension  of  all  the  metacarpo-phalangeal  joints,  with  rigidity  of  the  fourth 
and  fifth.     This  condition  is  due  to  contracture  of 

the  ulnar  half  of  the  flexor  profundus  digitorum, 
paralysis  of  the  lumbricales  and  interossei  allowing 
unopposed  action  of  the  extensors,  and  trophic 
changes  leading  to  loss  of  elasticity  in  the  joint 
capsules.  These  changes  are  seldom  seen  in  cases 
w^here  early  use  of  the  hand  has  been  allowed,  and 
are  most  marked  where  prolonged  disuse  has  been 
necessarj-  for  other  lesions.  The  treatment  of  the 
contractures  is  the  same  as  will  be  described  later 
under  ischaemic  contractures.  Once  we  have  cor- 
rected the  contractures,  re-education  and  the  use 
of  the  hand  will  in  most  cases  give  us  a  hand  with 
a  strong  grasp,  and  once  this  is  attained  there  is 
little  tendency  to  recurrence  of  deformity. 

2.  Median  Nerve. — Rigidity  in  the  extended  jjosi- 
tion  of  the  interphalangeal  joints  of  the  first  and 
sometimes  the  second  finger,  with  loss  of  movement 
in  the  terminal  phalanx  of  the  thumb.  Owing  to 
the  loss  of  sensation  in  the  thumb  and  index  finger, 
there  is  a  tendency  on  the  part  of  the  patient  to 
nurse  rather  than  use  the  hand.  Once  the  nerve 
has  been  sutured,  and  the  patient  encouraged  and 
trained  to  use  the  hand,  little  further  treatment  is 
necessary  until   voluntary   power  of  flexion   of  the 

terminal  phalanges  begins  to  return,  when  continuous  flexion  of  the  index  finger  will 
hasten  recovery'  of  function. 

3.  Musciilospiral  Xerve. — Rigidity  of  the  metacarpo-phalangeal  joints.  Having 
successfully  sutured  this  nerve,  we  should  await  signs  of  recovery'  of  voluntarv-  extension 
of  the  fingers  before  deciding  that  active  mobilization  of  these  joints  is  necessar\%  as  this 
will  frequently  have  been  obtained  by  daily  massage  and  movements  before  regeneration 
occurs,  a  short  cock-up  splint  being  used  to  maintain  dorsiflexion  of  the  wrist  and  abduc- 
tion of  the  thumb. 

I  need  not  here  discuss  the  treatment  of  injuries  to  peripheral  nerves,  but  wish  it  to 
be  understood  that  this  follows  the  recognized  lines. 

I  have  discussed  mobilization  and  re-education  in  the  use  of  the  fingers  first,  because 
I  believe  it  to  be  a  wise  preliminary'  to  any  further  operation  directly  affecting  the  hand^ 


Fig.  225. — Range  of  movement  in  fingers 
whidi  should  be  obtained  before  operating 
to  correct  palmar  flexion  of  w-rist. 
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whether  that  be  tendon  transplantation  to  replace  function  we  know  to  be  permanently- 
lost,  or  correction  of  deformity  of  the  wrist  which  we  know  will  further  increase  the  use- 
fulness of  the  hand.  We  do  not  of  course  expect  complete  voluntary  closure  of  the 
hand  with  a  wrist  ankyloscd  in  flexion  ;  but  imless  we  have  something  approaching  the 
range  of  the  normal  hand  with  the  wrist  in  the  flexed  position,  the  treatment  necessary 
to  obtain  movement  in  the  fingers  after  the  position  of  the  wrist  has  been  corrected  will 
tend  to  a  recurrence  of  the  deformity  (Fig.  225). 

Having  obtained  free  passive  movement  of  the  joints  of  the  fingers,  and  as  much 
voluntary  control  as  possible,  we  can  pass  to  the  consideration  of  the  other  conditions 
limiting  function. 

THE    WRIST    AND    FOREARM. 

The  deformities  and  disabilities  of  the  wrist  and  forearm  should  be  our  next  con- 
sideration (Fig.  226).     We  wish  to  obtain  voluntary  extension  and  flexion  of  the  wrist,  and 

supination  and  pronation  of 
the  forearm ;  but  as  this  will 
only  be  possible  in  a  few 
of  the  cases,  we  aim  at  the 
limited  movement  or  anky- 
losis being  in  the  position 
most  useful  to  the  patient. 

Let  us  consider  first  the 
pronation  and  loss  of  dorsi- 
flexion  due  to  contracture  of 
soft  tissues.  The  previous 
history  of  these  cases  will  be 
usually  that  of  treatment  on 
the  internal  angular  splint, 
and  they  will  arrive  with 
contracture  of  elbow,  prona- 
tion of  forearm,  the  wrist 
flexed,  and  the  fingers  stiff, 
usually  in  the  extended  posi- 
tion. Failing  complete  re- 
storation of  function  with 
treatment  in  the  hydrotherapy,  massage,  and  electrical  departments,  methods  of  gradual 
correction  or  forced  correction  under  an  anaesthetic  are  still  available.  The  principle  of 
gradual  correction  is  that  of  overcoming  the  tension  and  elasticity  of  shortened  structures 
by  slowly  guiding  the  limb  to  the  desired  position.  Many  splints  have  been  devised 
for  this  purpose,  but  none  are  necessary  if  plaster-of-Paris  and  felt  are  available. 

Having  obtained  the  position  of  choice,  a  removable  plaster-of-Paris  splint  should 
be  made  to  allow  movement,  and  be  worn  until  such  time  as  tendency  to  re-contracture  of 
the  stretched  structures  is  gone.  The  only  sure  guide  to  this  is  the  clinical  test  which 
governs  the  treatment  of  all  scar  tissue.  The  splint  is  removed  first  for  a  short  time 
daily,  and  use  of  the  limb  encouraged.  If  re-application  of  the  splint  is  difficult  or 
painful,  we  must  maintain  our  correction  for  a  further  period ;  but  if  there  is  no  tendency 
to  recurrence  of  the  deformity,  further  relaxation  may  be  allowed  until  the  splint  is  worn 
at  night  only,  and  then  entirely  dispensed  with.  Gradual  correction  will  usually  be  pos- 
sible where  there  is  limited  painless  movement ;  but  in  cases  where  there  is  rigid  fixation, 
one  or  more  anaesthetics  and  forcible  correction  will  probably  be  necessary. 

Ischaemic  Contractures. — Before  discussing  the  cases  requiring  open  operation  for  their 
correction,  it  would  be  well  to  describe  in  detail  the  correction  of  ischaemic  contractures, 
which  affect  mainly  the  forearm,  wrist,  and  hand.  The  same  principles  of  treatment 
apply  equally  to  the  contractures  from  causes  which  we  have  already  mentioned. 

In   the   severe    case   the    hand    is   cold    and    livid,    with   the   wrist    flexed   and   the 


Fig.  226. — Common  disabilities  of  forearm  and  hand.  Elbow :  Limited 
movement  below  ri'.'ht-angle.  Forearm :  Pronated.  Wrist :  Limitsd  move- 
ment in   flexion.      Finyers :    Stiff   in  extension. 
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fingers  contracted  ;  all  structures  on  the  flexor  aspect  of  the  forearm  and  hand  are 
shortened,  so  that  such  contractile  substance  as  is  left  in  the  muscles  has  no  useful  sphere 
of  action.  We  also  notice  that  movement  of  the  wrist  towards  extension  further  clenches 
the  interphalangeal  joints,  while  palmar  flexion  allows  their  slight  relaxation. 

Treatment  of  Ischcemic  Contractures  (see  Case  7). — Fully  flex  the  wrist  and  metacarpo- 
phalangeal joints  ;  then. mould  a  plaster-of- Paris  bandage  to  fit  the  palmar  surface  of  the 
hand  and  fingers.  When  this  has  set,  any  movement  of  the  wrist  towards  the  straight 
position  will  only  be  possible  by  the  stretching  of  the  structures  on  the  flexor  aspect,  and 
this  will  occur  in  the  order  of  their  tension.  Full  tension  is  not  a  natural  condition  of  any 
structure  of  the  body,  and  if  we  mechanically  maintain  this  condition,  nature  will  assist 
us  in  the  correction  of  the  deformity  by  gradual  adaptation  of  the  parts  to  the  new  con- 
ditions. We  thus  find  that  in  a  few  days  some  movement  at  the  wrist  is  again  present, 
when  re-application  of  the  plaster  hand-piece  will  allow  further  extension  of  the  fingers 
with  the  wrist  in  full  palmar  flexion. 

Having  thus  corrected  the  contractures  of  the  hand,  a  plaster  hand-piece  is  made  to 
fit  the  hand  accurately,  the  thumb  being  abducted  and  slightly  forward,  the  metacarpo- 
phalangeal joints  flexed  20  degrees,  and  the  interphalangeal  joints  in  the  extended 
[X)sition.  When  this  is  applied  to  the  hand,  the  wrist  can  be  gradually  brought  to  the 
straight  f>osition  by  bandaging  to  an  anterior  splint.  The  straight  position  having  been 
reached,  this  splint  is  replaced  by  a  short  cock-up  splint  to  obtain  full  dorsiflexion.  The 
plaster  hand-splint  serves  two  useful  purposes  :  first,  it  prevents  contracture  of  the  fingers  ; 
in  the  second  place,  any  pressure 
applied  to  it  is  transmitted  to  the  en- 
tire palmar  surface  of  the  hand,  thus 
avoiding  sores  from  local  pressure. 

Having  attained  full  dorsiflexion 
of  the  wrist  with  the  fingers  extended, 
the  splint  may  now  be  removed  daily 
for  electrical  treatment  of  the  extensor 
muscles,  and  as  voluntary  control  of 
these  increases,  the  clinical  test  of 
removing  the  splint  entirely  for  short 
periods  is  again  applied  and  functional 
use  of  the  hand  allowed.  The  splint 
is  worn  at  night  for  some  months 
longer  to  ensure  a  permanent  result. 
If,  after  full  extension  of  the  wrist 
and  fingers  is  complete,  stiffness  of 
the  metacarpo  -  phalangeal  joints  is 
present,  a  short  cock-up  splint  and 
metal  finger  splints  to  fix  the  inter- 
phalangeal joints  are  used  until  move- 
ment at  the  metacarpK)- phalangeal 
joints  has  been  obtained. 

Open  Operation. — In  certain  cases 
further  mobility  and  control  of  the   digits  can  only  be  obtained  after  open  operation 
to   improve  the   position   or   increase   the   movement    of  other  joints  of  the   limb,   and 
we  will   take  these   in  the    direct    order   of   their   effect    on    our   prime   object,  \iz.,  a 
useful  hand. 

1.  Ankylosis  of  the  Wrist. — This  may  or  may  not  be  associated  with  loss  of  move- 
ment at  the  lower  radio  ulnar  joint.  If  pronation  and  supination  are  free,  with  ankylosis 
at  the  radio-carpal  joint  in  the  flexed  position,  we  should  be  careful  to  confine  our  opera- 
tive procedure  to  the  radial  side  of  the  joint.  A  posterior  incision,  with  removal  of  a  small 
wedge  of  bone  from  the  dorsal  aspect,  will  give  us  the  dorsiflexed  position,  which  must 
be  maintained  by  splintage   until  complete  grasp  has  been  obtained,   as  the  treatment 


-To  show  difficultr  in  writing  with  ankylosis  ia  full 
supination. 
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necessary  for  obtaining  this  tends  to  draw  the  wrist  again  into  flexion.     Ankylosis  of  the 
wrist  in  a  position  of  40  degrees  dorsiflexion  is  no  serious  disability. 

2.  Ankylosis  of  Wrist  and  Lower  Radio-ulnar  Joint. — If  both  the  joints  are  ankylosed, 
before  operation  we  must  decide  which  is  the  position  of  choice  for  the  patient,  as  operation 
to  regain  mobility  of  the  joint,  though  it  may  be  successful,  cannot  always  be  relied  on. 

Although  as  a  rule  of  treatment  full  supination  is  excellent,  it  is  not  always  the 
position  of  choice  where  ankylosis  results.  In  general,  the  best  position  for  ankylosis  is 
midway  between  pronation  and  supination — i.e.,  on  flexing  the  elbow,  the  back  of  the 
thumb  is  brought  to  the  mouth.  In  the  case  of  a  clerk,  the  position  of  the  hand  in 
writing — that  is,  a  few  more  degrees  pronation — will  usually  be  preferred  for  the  right  hand 
{Fig.  227).* 

Non-union  of  Radius  and  Ulna. — Non-union  of  one  of  the  bones  of  the  forearm 
has  been  remarkably  frequent,  and  I  have  had  three  cases  in  which  a  flail  limb  resulted 
from  non-union  of  both.  The  hand  is  attached  to,  and  articulates  mainly  with,  the 
radius,  so  that  loss  of  the  support  of  the  latter  owing  to  non-union  is  associated  with 
radial  deviation  of  the  hand  and  considerable  weakness  of  grasp.  In  the  case  of  non- 
union of  the  ulna,  the  weakness,  though  present,  is  less  marked,  and  there  is  little 
deformity. 

Most  unimited  fractures  of  the  radius  require  bone  grafting,  but  some  ununited 
fractures  of  the  lower  third  of  the  ulna  or  of  the  olecranon  show  so  little  disability 
that  this  is  not  necessary.  Where  the  lower  fragment  of  the  radius  is  less  than  an 
inch  in  length,  shortening  of  the  ulna  to  correct  radial  deviation  and  allow  direct 
union   of  the  radial  fragments  gives   a  good  result. 

Before  operation  in  these  cases,  mobility  of  the  hand  should  be  restored,  the 
radial  deviation  of  the  hand  corrected,  and  the  forearm  fixed  for  a  time  in  the  supine 
position.  Unless  this  is  first  secured,  there  will  be  strain  on  the  graft  after  operation 
or  union  will  occur  in  the  position  of  deformity,  which  will  necessitate  further  opera- 
tion for  the  best  result. 

With  ununited  fractures  of  both  bones,  a  shortening  of  both  to  allow  direct  union, 
with  a  bone  graft  of  the  ulna  to  ensure  adequate  fixation,  is  the  procedure  of  choice. 

We  must  also  remember  that  where  ankylosis  of  either  the  superior  or  inferior 
radio-ulnar  joints  is  present,  any  movement  of  pronation  or  supination  taking  place 
at  the  site  of  fracture  will  be  lost  if  union  of  the  fragments  is  re-established. 

Bone  Grafting. — Success  depends  on  :  (1)  Asepsis  ;  (2)  Adequate  contact  of  raw 
surfaces  ;  (3)  Efficient  fixation.  If  there  has  been  severe  sepsis,  all  wounds  should  be 
healed  for  six  months,   and   scar  tissue  excised  where  possible. 

The  preliminary  excision  of  scar  tissue  serves  three  useful  purposes  :  (1)  It 
enables  us  to  judge  of  the  probability  of  grafting  bone  without  the  recrudescence  of 
sepsis ;  (2)  It  removes  tissue  of  low  vitality  which  will  itself  tend  to  necrose  and 
slough  after  its  blood-supply  is  further  reduced  ;  (3)  Its  removal  allows  healthy 
vascular  tissue  to  surround  the  bone  graft. 

Care  should  be  taken  that  the  bed  for  the  graft  is  cut  on  the  surfaces  of  the 
fragments  that  will  be  in  continuity  when  the  limb  is  in  the  desired  position.  As 
this  is  usually  supination,  we  should  arrange  for  this  position  to  be  maintained 
from  the  time  the  incision  is  made  until  the  fixation  splints  or  plaster  have  been 
applied. 

In  order  to  ensure  adequate  contact  and  fixation,  the  graft  should  be  as  long  as 
anatomical  conditions  allow,  and  should  be  just  wider  than  the  bed  which  has  been 
cut  for  it,  so  that,  when  wedged  into  place,  it  is  gripped  firmly  by  the  lips  of  the 
fragments,    and    further    fixation    is    not    necessary.      It    should    consist    of   periosteum, 

•  Where  loss  of  pronation  and  supination  is  due  to  ankylosis  of  the  inferior  radio-ulnar  joint,  the 
operation  lately  devised  by  Captain  Baldwin,  of  San  Francisco,  is  probably  the  best.  His  operation 
consists  of  the  removal  of  a  portion  of  the  lower  third  of  the  ulna,  in  order  to  obtain  a  false  joint  which 
allows  voluntary  pronation  and  supination. 
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Fig.  228. — ^Showinir  raiise  of  movement  obtained  bv  conservative  treatment. 


cortex,'"and  endosteum,  and  be  of  sufficient  strength  itself  to  witfistand  the  strain  of 
function  when  union  is  complete. 

Fixation    by    means    of  splints    should    usually    be    maintained    continuously    for   a 
period   of  three    months. 

THE    ELBOW-JOINT. 

The  conformation  of  the  articular  surfaces  of  the  elbow-joint  allows  of  movement 
only  in  the  antero-posterior  direction.  The  superior  radio-ulnar  joint  communicates 
with  it,  and  is  neces- 
sarily involved  in  gen- 
eral arthritis  of  the 
joint.  If  the  radio- 
humeral  or  radio-ulnar 
joint  is  ankylosed,  pro- 
nation and  supination 
are  not  possible  {Fig. 
228).  The  muscles 
producing  these  move- 
ments are  not  adapted 
for  controlling  lateral 
morv'ements,  so  that 
often  the  best  result 
to  be  obtained  after 
severe  wounds  involv- 
ing the  joint  will  be 
the     greatest      degree 

of  movement  in  the  antero-posterior  direction,  with  stability  on  lateral  strain.  Cases  will 
arise  where  free  flexion  and  extension  is  essential  for  the  patient,  and  if  lateral  stability 
could  be  assured,  this  would  be  best  for  all ;  but  for  the  man  who  depends  on  the 
strength  of  his  arm  for  his  livelihood,  an  ankylosed  joint  in  the  position  of  choice 
should,  in  my  opinion,  only  be  subjected  to  operation  when  the  facts  have  been  laid 
clearly  before  the  patient.  My  exijerience  has  been,  that  if  you  are  to  guarantee  free 
movement  of  the  joint,  so  much  bone  must  be  resected  that  lateral  mobility  will  interfere 

with  the  strength  of  the 
limb  (Fig.  229).  One  knows 
that  in  the  acute  stages 
free  removal  of  bone  may 
be  necessary'  to  save  life  or 
limb ;  but  recent  literature 
advocating  free  removal  of 
bone  as  a  routine  measure 
in  gunshot  wounds  of  the 
elbow  is  not  justified  by 
the  end-results  which  find 
their  way  to  militarj^  ortho- 
paedic hospitals.  It  has  in 
my  experience  been  neces- 
sary to  operate  more  fre- 
quently to  increase  the 
stability  than  the  mobility 
of  the  joint. 
The  flail  elbow-joint  without  voluntar\^  control  and  with  wide  separation  of  the  bone 
surfaces  is  one  of  the  most  difficult  problems  to  deal  A\ith  surgically,  and  often  ends 
in  fixation  by  external  splintage.  Stability  of  the  elbow-joint  is  dependent  more  on 
the  articulation  with  the  ulna  than  the  radius,  and  a  good  functional  result   is  often 
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Fig.  229. — Same  patient  as  Fig.  228. 
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seen    with    absence    of  the  external   condyle.      One   does    see   cases  of  excision    wliich 

result  in   fair  control   and  mobility,   but   this   result   seems  to   be   more  assured   by  an 

operation  of  choice  when  the  question  of 
sepsis  has  been  eliminated.  So  many  cases 
of  apparently  hopeless  destruction  end  in  fair 
movement  if  treated  on  conservative  lines, 
that  bone  should  only  be  removed  to  meet 
the  immediate  necessity  of  the  case. 

Let  us  consider,  then,  the  conservative 
treatment  of  wounds  of  the  arm  with  a  view 
to  obtaining  the  maximum  movement  of  the 
elbow-joint,  or,  if  ankylosis  is  inevitable,  the 
best  position  for  this  (Fig.  230). 

The  essential  treatment  will  be  rest,  often 
for  some  months,  and  the  position  of  rest 
must  be  guided  in  the  first  place  by  the  con- 
dition of  the  wounds.  For  efficient  treatment 
of  these,  full  extension  and  fixation  in  the 
Thomas  arm  splint  is  commonly  used  until 
the  acute  sepsis  has  been  controlled  or  the 
fracture  has  begun  to  show  signs  of  union, 
when  the  arm  should  be  gradually  flexfed, 
supination  being  assured  from  the  beginning. 
If  the  fully  flexed  position  with  supination 
could  be  obtained  and  maintained  imtil  the 
conditions  demanding  rest  no  longer  existed, 
a  large  number  of  cases  would  not  require 
such  prolonged  treatment  in  hospitals  in  this 
country.  Cases  with  pronation  of  the  fore- 
arm   and    limited    movement    below    a   right 

angle  are  so  common,  that  every  effort  should  be  made  to  guard  against  them  as  early  as 

possible.     Once   we  have   secured  full   supination  and 

flexion  at  the  elbow-joint,  any  movement  which  results 

will  be  in  the  best  position,  and  gravity  and  function 

will  both  aid  in  its  increase.     In  the  later  stages,  con- 
siderable force  will   often    be   required  to    obtain  this 

position,  and  it  will  usually  be  safer  to  use  gradual 

means,    and    if    an    anaesthetic    is    necessary,    not    to 

attempt   too   much   at    one   time,  because  of  the  risk 

of   fracture    of   the   olecranon  and    the    recrudescence 

of   sepsis.      We  then  wait   until    all  sign    of   reaction 

has  gone    before  applying  the  clinical  test  which  will 

decide   whether   it    is   now   safe    to    allow   movement. 

When  the  biceps — previously  weak — has  recovered  its 

tone,  and  there  is  no  peri-articular  thickening  or  tender- 
ness, the    collar   and   cuff    (Fig.  231)  which   maintain 

the    position    are  relaxed,  allowing   limited   extension. 

If  the  patient  can  voluntarily  resume  the  position   of 

previous  fixation,  further  liberty  is  allowed ;  and  when 

movement  from   full   flexion   to  a  right   angle  is  free, 

and    the    patient   has    learned  to  use  the  joint  again, 

function  and  gravity  are  now  both  allies  in  obtaining 

further   increase   of  movement. 

Where  ankylosis  is   to   be  expected,  the  position 

of  choice — usually  an  angle  of  100  degrees,  with  the  forearm  midway  between  pronation 


Fig.  230.^rhotosraph  to  illastrate  ankylosis  of 
elbow  in  extension  with  pronation  of  forearm.  I'oints 
to  be  guarded  a<rainst  in  prolonged  treatment  in 
Thomas  arm  splint. 


FlO.  231. — Showing  Thomas's  collar 
and  cufl  to  maintain  tiesure  of  elbow 
and  supination  of  forearm. 
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and  supination — should  be  maintained  until  the  ankylosis  is  sound.  Special  cases  will 
arise  where   another  position  is  desired. 

Bone  Blocking  Flexion. — This  should  be  removed,  by  operation  if  necessary,  as 
soon   as   conditions   permit,   and  the   acutely    flexed   position  obtained. 

Myositis  Ossificans. — The  history  is  usually  that  of  movement  gradually  becoming 
more  limited  with  use.  X  rays  show  new  bone  formation  on  the  flexor  aspect, 
frequently   in   the   substance   of  the   brachialis   anticus. 

Treatment. — The  elbow  should  be  kept  at  rest  in  flexion  until  ossification  is  com- 
plete, when  movements  can  be  gradually  recommenced.  Any  forced  passive  move- 
ments will  only  aggravate  the  condition,  and  any  operation  for  its  removal  before 
this  stage  is  reached  is  doomed  to  failure. 


THE    SHOULDER-JOINT. 

Wounds  involving  the  shoulder-joint  require  our  special  attention  at  an  early 
stage  to  secure  a  good  result.  They  are  frequently  complicated  by  paralysis  of  the 
deltoid  and  much  laceration  of  the 
soft  parts.  In  some  cases  two  or 
three  inches  of  the  upper  end  of 
the  humerus  have  been  removed. 
The  end-result  of  these  cases  is 
usually  either  a  flail  limb  without 
power  of  abduction  (Fig.  232),  or 
ankylosis  in  the  adducted  position, 
requiring  further  operation  to  get 
a  useful  range  of  movement. 

In  this  joint,  perhaps  more 
than  any  other,  the  cicatrization 
of  scar  tissue,  so  often  responsible 
for  grave  and  irreparable  deform- 
ity, may  in  certain  cases,  if  care- 
fully guided,  play  an  important 
part  in  the  restoration  of  function. 

As  soon  as  the  acute  sepsis  is 
past,  the  limb  should  be  fixed  with 
the  shoulder  abducted  70  degrees, 
and  with  the  elbow-joint  just  in 
front  of  the  coronal  plane  of  the 
body,  so  that  when  flexed  the 
palm  of  the  hand  easily  reaches 
the  mouth.  Plaster-of- Paris,  with 
windows  cut  to  allow  of  dressing, 
should  be  applied  so  as  to  keep 
the  upper  end  of  the  humerus  in 
close  proximity  to  the  glenoid 
ca\ity.  This  position  is  main- 
tained until  bony  or  short  fibrous 
ankylosis  results,  when,  the  sterno- 
clavicular joint  being  the  centre 
of  motion,  an   almost  complete   range   of   abduction   and  adduction  may  be  obtained. 

The  abducted  position  of  the  shoulder  is  also  indicated  in  all  cases  where  this 
movement  is  likely  to  be  limited,  either  by  new  bone  formation  in  the  neighbourhood 
of  the  great  tuberosity,  or  fracture  of  the  acromion  process.  It  also  allows  relaxation 
and  recovery'  of  a  weakened  deltoid,  and  prevents  contracture  of  the  axillarj-  folds, 
which   is   so   common   after  general   inflanmiation   of  the   upper   Hmb. 


Fig.  232.^Showing  common  disability  following  escision  of  apper 
end  of  humerus. 
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Where  the  muscles  controlling  the  scapula  are  paralyzed,  postural  relaxation  with 
electrical  treatment  should  be  persevered  with,  unless  recovery  is  impossible  from  the 
nature  of  the  injury,  when  a  shoulder-brace  to  control  its  movement  will  allow  a 
more   powerful   use   of  the   limb. 

Where  the  scapula  is  fixed  to  the  ribs  as  the  result  of  severe  injury,  movement 
at  the  shoulder-joint  will  vary  with  the  degree  of  its  rotation.  Operation  to  alter 
this  will  not  as  a  rule  be  indicated,  as,  with  the  scapula  in  its  position  of  rest, 
abduction  of  the  shoulder  to  a  right  angle  is  still  possible. 


THE  SURGERY  OF  NERVES  AND  TENDONS  IN  RELATION  TO  JOINTS. 

Gunshot  wounds  often  result  in  the  loss  or  destruction  of  several  inches  of  the 
main  nerves,  and  the  possibility  of  suture  is  frequently  de|)endent  on  our  being  able 
to  obtain  the  necessary  relaxation  of  the  joints  of  the  limb  by  posture.  The  posi- 
tions usually  required  are  flexion  of  the  wrist  and  elbow,  with  or  without  pronation 
of  the  forearm,  and  adduction  of  the  shoulder.  These  positions,  if  present,  should 
not  be  altered  until  suture  of  the  nerves  is  assured,  and  if  possible  they  should  be 
obtained  before  this  is  undertaken.  After  suture  is  completed,  the  position  of  the 
joints  should  be  maintained  for  two  weeks  before  gradual,  and  one  month  before 
forcible,   alteration   of  their   position   is   allowed. 

Where  it  has  not  been  possible  to  obtain  direct  continuity  of  the  nerves,  there 
still  remains  nerve  crossing,  nerve  grafting,  or  tendon  transplantation  to  fall  back  upon. 
My  own  experience  of  the  first  two  has  been  unfavourable,  and  I  now  depend  entirely 
on  the  last. 

One  of  the  most  important  factors  for  success  in  tendon  transplantation  is  the 
condition   of  the  joints   directly  affected. 

I  have  recommended  nerve  suture  as  the  prime  consideration  in  the  treatment  of 
the  joints  of  the  upper  extremity,  and  have  no  hesitation  in  emphasizing  the  import- 
ance of  tendon  transplantation  as  the  final  operation  to  be  undertaken  in  the  treatment 
of  disabilities  of  these  joints.  For  it  to  be  successful,  we  must  have  strong  healthy 
muscles,  and  these  will  only  be  available  if  the  joints  they  control  have  allowed  of 
their  free  development. 


DETAILS    OF    CASES. 

It  has  only  been  possible  in  a  short  article  to  give  a  bare  outline  of  so  important 
a  subject,  and  I  therefore  append  a  detailed  account  of  nine  cases,  with  illustrations, 
in  the  hope  that  they  may  help  to  demonstrate  the  points  on  which  stress  has  been 
laid. 

Case  1. — Pte.  H.     Gunshot  •wound  of  left  arm,  .June,  1916. 

Condition  on  Admission,  May,  1917.- — Ununited  fracture  just  above  elbow.  Ankylosis 
of  elbow-joint.  Lesion  of  musculospiral  and  ulnar  nerves  ;  flexion  and  rigidity  of  wrist  and 
fingers. 

June  6,  operation.  Musculospiral  nerve:  separation  2  in.;  suture  allowed  by  flexion  at  site 
of  fracture.  Ulnar  nerve  :  transferred  to  flexor  aspect  of  joint,  and  also  sutured.  Oct.  2.3, 
fixation  of  ununited  fracture  by  bone  graft  ;  plaster-of-Paris  fixation  of  shoulder  and  elbow. 
Nov.  27,  correction  of  contracture  of  hand  by  graduated  splintage.  Jan.  18,  1918,  electrical 
treatment  and  massage  of  all  muscles  of  limb  commenced. 

Note. — Had  the  nerve  injury  not  been  so  severe,  the  treatment  of  the  contracture  of  the 
liand  deformity  with  temporary  fixation  of  the  elbow  in  plaster  would  have  preceded  the 
bone  graft. 

Failing  recovery  in  these  nerves,  no  operation  of  tendon  transplantation  would  be  under- 
taken until  the  full  potentialities  of  recovery  have  been  obtained  in  the  muscles  supplied  by 
the   median   nerve.      It   might   then   be   advisable   to   ankylose   the   wrist   in   dorsiflexion   as   a 
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preliminary,    in     order    to    enable    us    to    use    the    limited    muscles    available    to    the     best 
advantage. 

Case    2. — L.-Cpl.  D;     Gunshot  wound   of  wrist,  Jan.   7,   1917. 
Wounds  healed  March   10. 


Fig.   233. — Cast  2.     Showing  condition  on  admission.   April   2.     Wrist   ankylosed   in 
flexion  ;   forearm  pronated  ;   metacarpo-phalangeal  joints  rigid  in  extension. 


Fig.  234. — Case  2.  Showing  fixation 
in  plaster  after  forcible  supination  and 
partial  dorsiflexjon  of  wrist. 


Fig.  235. — Case  2.     Aug.  10.     Showing  ase  of  short  cock-up  splint 
to  maintain  dorsiflexion  of  wrist  while  movement  of  fingers  is  obtained. 


Condition  on  Admission,  .April  2. — Ankylosed  wrist  in   flexed  position   {Fig.  233);   forearm 
allowing  10  degrees  movement  in  prone  position.     Metacarpo-phalangeal  joints  rigid  in  extension, 
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Fig.  23C. — Case  2.     Sept  9.     Showing  range  of  movement  obtained. 
Case    3. — Pte.  H.     Gunshot  ^vound  of  left  forearm. 


due  to  sepsis  and  involvement  of 
extensor  tendons  on  dorsum  of 
wrist. 

April  1 1 ,  anaesthetic  ;  flexion 
of  metacarpo  -  phalangeal  joints  ; 
fixation  in  plaster-of-Paris.  When 
swellini;  and  reaction  subsided, 
{jradual  flexion  of  interphahmgeal 
joints  gave  tlie  necessary  stretcli- 
ing  of  structures  on  the  extensor 
aspect.  Flexion  of  metacarpo- 
phalangeal joints  rnaintained  for 
four  weeks,  then  free  use  of  the 
fingers  encouraged.  June  4,  cunei- 
form osteotomy,  radiocarpal  joint, 
to  allow  of  45  degrees  dorsiflexion 
of  wrist.  Fixation  in  supination 
and  plaster-of-Paris  (Fig.  234). 
Aug.  10,  plaster-of-Paris  removed  ; 
short  cock-up  splint  applied  to 
allow  more  free  use  of  the  hand 
(Fig.  235).  Sept.  9,  photograph 
shows  movement  obtained  (Fig. 
236). 

Oct.    26,    1915. 


Fig.  237. — Case  3.  il'liotograph  to  show 
radial  deviation  of  hand  and  deformity  of  tlie 
«Tist  due  to  ununited  fracture  of  radius  and 
scar-contracture. 


Condition  on  Arlmission,  Dec.  14,  1916. — 
Ununited  fracture  of  radius,  with  radial  devia- 
tion of  hand,  and  scar  contracture  of  struc- 
tures on  flexor  aspect  of  forearm  causing 
anterior  subluxation  at  wrist-joint  ;  loss  of 
dorsiflexion  and  pronation  of  forearm  {Fig.  237). 

Dorsiflexion  of  wrist  obtained  by  graduated 
splintage  {Fig.  238).  March  6, 191 7 ,  anaesthetic ; 
supination  of  forearm  and  correction  of  radial 
deviation  of  hand.  Fixation  in  plaster.  April 
7,  bone  graft  of  radius;  fixation  in  plaster-of- 
Paris  for  three  months,  allowing  free  use  of 
fingers.  Six  months  after  the  last  operation 
a  strong,  useful  hand  resulted,  with  all  move- 
ments controlled. 


Fig.  2.38. — Case  3.  Showing  plaster  hand-piece 
and  short  cock-up  splint  used  for  gradual  correction 
of  deformity  of  the  wrLst. 
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Case    4.— Pte.  B.     Flail  elbow  {Figs.  239,  240). 

X  ray  shows  absence  of   lower  end  of  humerus,  head  of  radius,  and  upper  end  of  ulna. 
Moulded  leather  splint  to  allow  use  of  limb. 


Fig.  2*1. — Cote  5.     Showing  new  bone  formation  in  front  of  elbow, 
limiting  flexion. 


FIG.  239. — Case  4.     Showing  flail  elbow 
following  earlv  excision. 


Fig.  212.— C'ji 


Showing  range  of  movement  obtained  after  treatment 
in  acute  flexion. 


Fig.  240. — Case  4.     Fixation  of  elbow  by  external 
splinting,  to  allow  use  of  hand. 


graduallv  dropped, 
later  {Fig.  242). 


Case  5. — Pte.  J.  R.  Gunshot  wound  of  right 
elbow,  Oct.  7,  1915. 

June  5,  1916,  elbow -joint  was  excised.  In  splint 
two  weeks,  sling  five  weeks.  Massage  and  passive 
movement   commenced   seven   days   after   operation. 

Condition  on  Admission,  Aug.  12.  —  Twenty 
degrees  passive  movement  at  an  angle  of  140  degrees. 
Pain  on  forcing  movement.  A'  rays  show  new  bone 
formation  in  front  of  joint  {Fig.  241). 

Aug.  16,  elbow  flexed  to  48  degrees  under  anaes- 
thetic. Collar  and  cuff  applied.  Oct.  4,  has  15 
degrees  movement  to  acute  flexion.  Arm  to  be 
Nov.  20,  photograph  shows  range  of  movement  on  discharge   five  months 
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Case    6. — Pte.   P.     Shrapnel  wound  of  left  elbow,  Dec.   12,  1916. 

Four  operations  for  removal  of  bone. 

Condition  on  Admission,  April  2,   1917   (Fig    2-l.:j). — Diseharping  sinus;     fusifoim   swellinp 
of  joint.     .\rm   held   with  elbow  at   angle   of  100  degrees  ;    45  degrees  passive   movement,  no 


Fig.  244. — C(ue  6.     Sbowiii!^   use  of  Jones's  elbow  splint 
to  gradually  siipinate  forearm  and  flex  elbow. 


FlO.  2 13. — Cane  0.     Condition  on  admission. 


FIG. '245. — Cojie  6.     Showing  flexion  and  range  of  movement 
obtained  eight  months  after  admission. 


voluntary  control.      Forearm  in   pronation  ;    attempt  to  supinate  painful.      Unable  to  dorsiflex 
wrist.     Fingers  rigid. 

Gradual  supination  of  forearm  and  flexion  of  elbow  with  Jones's  elbow  splint,  with  wrist 
gradually  dorsiflexed  on  short  cock-up  splint  (Fig.  244).  Dec.  3,  photograph  shows  voluntary 
movement  obtained  (Fig.  245). 
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Case  7. Pte.   L.     Ischaemic  contracture.    Gunshot  w^ound  of   right  arm,   Feb.  5,   1915. 


Fig.  246. — Case  7.     Isohaanic  contracture   following  gunshot  wound   of 
right  arm.     Condition  on  admission. 


Fig.  248. — Caise  7.  Showing  complete  correction  of 
contractures  by  plajiter  hand-piece  and  short  cook-up 
splint. 


Fig.   247. — Cote   7.     Showing   method   of  gradual   correction   of 
contractures  by  plaster  hand-piece  and  anterior  splint. 


Fig.  249. — Case  7.  Showing  short  metal  splints  used  to  maintain 
extension  of  the  interphalangeal  joints  while  movement  at  the  metacarpo- 
phalangeal joints  is  obtained. 


Fig.  '2o().—Case  7.     Showing  range  of  voluntary  move- 
ment obtained  nine  months  after  admission. 


Condition  on  Admission,  June  26,  1916. — Right  hand  livid  and  contracted  ;  wrist  flexed  ; 
metacarpo-phalangeal  joints  hyperextended  ;    phalanges  in  intense  flexion  {Fig.  246). 

July  17,  gradual  correction  of  contracture  by  plaster-of- Paris  hand-piece  and  anterior 
splint  (Fig.  247).  Nov.  10,  complete  dorsiflexion  obtained  by  plaster-of-Paris  hand-piece  and 
short  cock-up  splint  (Fig.  248).  Extension  of  interphalangeal  joints  maintained  while  flexion 
of  metacarpo-phalangeal  joints  is  obtained  (Fig.  249).  March  1,  1917,  photographs  show 
the  degree  of   voluntarv-  opening  and   closing  of  the   hand   obtained    (Fig.    250). 
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Case  8. — Bugler  E.     Gunshot  wound  of  left  shoulder,  Sept.  14,  1916. 
Condition  on   Admission,  Nov.  7. — ^A'  rays  show  mucli   swelling  and   pain    {Fig.  2~i^),  with 
discharging  sinus.     No  involvement  of  main  nen'es. 


m 


I'IG.  251. — Case  8.     Gunshot  wound  of  shoulder.     Condition  on  admis.sion  seven  weeks  later, 
showing  absence  of  upper  end  of  humerus. 


Fig.  252.— C<m«  8.     .Showing  plaster  fixation  with  a  view  to  ankylosis  of  shoulder  in  the  abducted  position. 

Nov.  25,'  arm  fixed  in  abduction  ;  p!aster-of- Paris,  with  window  for  dressing  (Fig.  252). 
Jan.  11,  1917,  removal  of  sequestrum.  X  rays  show  position  of  ankylosis  obtained  {Fig.  253). 
Oct.   8,   photograph  shows  range   of  movement   obtained  {Fig.   254). 
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J-l'j.  .loS.  -Catf  8.     Showing  ankylosis  of  humerus  and  scapula. 


V 


Fig.  2oi.—rase  8. 


i?howinff  range  of  scapular  movement 
obtained. 


Fig.  255. — Ctue  9.    Gunshot  wound  of  sbooldo',  showing 
condition  on  admission  three  weeks  after  injury. 


Case  9. — Pte.  E.  Gunshot  wound  of  left 
shoulder.  May   20,    1917  {Fig.  255). 

Condition  on  Admission ,  June  12. — X  rays 
show  absence  of  upper  third  of  humerus,  head 
of  scapula,  acromion  process,  and  outer  por- 
tion of  clavicle  (Fig.  256). 
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Aug.  21 ,  photograpli  shows  scar  tissue  contracted  to  tliin  line  (Fig.  'ioT). 
This   pmtient  is  now   able  to  raise  his   arm   from  the  splint    voluntarily    (Fig.   258).      The 
ankylosis  is  one  of  scar  tissue  between  the   upper  end   of   the   humerus  and    shoulder  girdle. 
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THE    RESULTS    OF    PRIMARY    EXCISION    FOR    WOUNDS    OF 

THE    ELBOW-JOINT. 

By  Captain    A.    EISDELL  MOORE,  R.A.M.C. 

During  the  last  year  a  considerable  number  of  wounds  in  the  region  of  the  elbow, 
with  fractures  involving  the  joint,  have  been  treated  by  a  primary  excision  of  the 
elbow-joint  at  the  casualty  clearing  station.  As  a  result,  the  staffs  of  the  ortho- 
paedic hospitals  are  being  called  upon  to  treat  an  increasing  number  of  flail  elbow- 
joints,  a  disability  which  causes  great  impairment  of  function,  and  which  is  difficult 
to  correct  satisfactorily. 

The  following  remarks  are  based  on  eleven  consecutive  cases  (as  set  out  in  table 
form  on  the  following  page)  recently  treated  at  the  Bristol  orthopaedic  centre,  and  which 
had  had  primary  excision  of  the  elbow-joint 
performed  at  the  front.  It  is  doubt  fid  if  in 
more  than  two  patients  (Cases  9  and  10,  Fig. 
266)  the  result  can  undeniably  be  called  good. 
One  appreciates  that  because  this  is  an  ortho- 
paedic centre  the  cases  seen  probably  include  the 
more  unsatisfactory  results,  still  the  publishing 
of  them  may  be  of  use  to  the  surgeon  at  the 
CCS. 

The  Relation  between  the  Amount  of  Bone 
Removed  and  the  Subsequent  Functional  Result 
— In  classifying  these  cases  one  realizes  at  once 
that  the  final  functional  result  depends  mainly 
on  the  amount  of  bone  that  has  been  removed. 
Colonel  Mansell  Moullini  advocates  primary  ex- 
cision provided  sufficient  bone  is  removed,  and 
ad\nses  a  thorough  removal  of  the  articular  ends 
of  the  humerus,  radius,  and  ulna,  whilst  Major 
Swan-  and  Captain  Sheppard^  advocate  a  less 
extensive  operation  ;  the  following  cases  support 
fully  the   latter  opinion. 

Of  the  eleven  cases  given,  ten  have  Hail 
elbows  to  a  greater  or  lesser  degree,  and  the 
uselessness  of  the  limb  is — if  the  length  of  time 
from  the  original  wound  be  taken  into  account — 
in  almost  direct  proportion  to  the  amount  of 
bone  removed.  The  cases  are  arranged  according 
to  the  extent  of  the  operation,  and  it  will  be 
noted  that  as  the  amount  of  bone  removed 
decreases  so  does  the  functional  result  improve.  Thus  Case  1,  Fig.  259,  shows  a  gap 
of  4^  inches  between  the  cut  ends  of  the  humerus,  and  radius  and  ulna.  Undoubtedly 
some  of  this  is  due  to  the  stretching  of  the  soft  parts  ;  still,  the  original  removal  of 
bone  must  have  been  ver\-  extensive.     Naturally  the  elbow-joint,  as  such,   is  useless. 

Case  11,  Fig.  267,  shows  an  ankylosis — the  result  of  remoNing  too  little  bone — so 
from  this  series  of  eleven,  one  would  gather  that  the  tendency  in  this  operation  is  at 
present  to  remove  too  much  bone  rather  than  too  little. 


Fig.  25y. — Case  1.    Pte.  B.     Extensive 
primary  excision. 
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TABLE  SHOWING  THE  RESULTS  OF  ELEVEN  CASES  OF 


Case 


Name 


TrPE  OP  Excision- 


Gap  BY 

X-RAYS 


TIME  AFTER 

WOINI)          TIME  TAKEN 

WHEN-       i  FOR  Wound  | 
Kei'out     ■    to  heal     j 

MADE  ! 


I'ASSIVK    MOVEMENT 


EESULTINfi 
JOINT 


Ex- 
tension 


Lateral 
InternalExtr 


10 


11 


Pte.  B.. 
Fig.  259 


Sgt.  M. 


Pte.  S., 
Figs.  260,  201 


Lt.  J., 
Figs.  262,  263, 
264 

Pte.  S. 


Pte.  P., 

Fig.   265 


Rfm.  A. 


Pte.  B. 


Pte.  B. 


Pensnr.  D. 

Fig.   266 


Bdr.   K., 
Fig.  267 


Humerus  :    lower  end 
Radius  :    head  and  tu- 
bercle 
Ulna  :    olecranon 

Humerus  :    lower  end 
Radius  :    head 
Ulna  :    olecranon 

Humerus  :    lower  end 
Radius  :    head 
Ulria  :    olecranon 

Humerus  :   lower  end 
Radius  :   head 
Ulna  :  olecranon 

Humerus  :   lower  end 
Radius  :  untouched 
Ulna  :  olecranon 


Humerus  :   lower  end 
Radius  :   untouched 
Ulna  :   untouched 


Humerus  :   lower  end 
Radius  :  untouched 
Ulna  :  untouched 

Humerus  :    lower  end  ; 
much  new  bone  formed 
Radius  :  untouched 
Ulna  :   untouched 

Humerus  :    below  epi- 

condyle 
Radius  :    artic.  surface 
Ulna  :  olecranon  process 


Humerus  :    above  epi- 

condj'le 
Radius  :  untouched 
Ulna  :  untouched 

Humerus  :  artic.  surface 
Radius  :    artic.  surface 
Ulna  :    artic.  surface 


4  J  in. 


2  in. 


2  in. 


2  in. 


n  in. 


i  in. 


:|  in. 


6  mths. 


3  mths. 


8  mths. 


10  mths. 


5  mths. 


9  mths. 


5  mths. 


5  mths. 


0  mths. 


mths. 


8  mtlis. 


2  mths. 


2  J  mths. 


IJ  mths. 


1  mth. 


2  mths. 


6  mths. 


3  mths. 


1|  mths. 


6  mths. 


4  mths. 


7  mths. 


Flail 

Full 

210° 

90° 

Flail 

Full 

210° 

50° 

Flail 

Full 

190° 

60° 

Flail 

Full 

200° 

70° 

Flail 

Full 

190° 

90° 

Flail 

Full 

160° 

60° 

Flail 

Full 

210° 

90° 

Flail 

Full 

200° 

60° 

Weak 

Full 

120° 

Nil 

Weak 

Full 

200° 

30°^' 

Ankylosed 

Nil 

Nil 

Nil 

70° 


90° 


90' 


901 


90' 


90? 


201 


Case  12,  Pte.  P.   (Figa.  268,  269,   270),  is  one  in  which  arthroplasty  was  performed  ele 
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tlMARY    EXCISION    FOR    WOUNDS    OF    THE    ELBOW-JOINT. 


None  Good       '  Forearm  muscles  arising  from  humerus  formed  new  attachment   to  forearm  bones,  and  flexion 

action  of  supinator  thus  lost. 


None         Very  weak 


ctive  to 

70° 


Good 


Supported  in  plaster  in  early  treatment. 
Marked  overriding  of  bones  in  voluntary  flexion. 


ctive  to 
90= 


Fair       '  Gap  between  ends  of  bones  decreased  rapidly  on  wearing  support. 


None 


Fair        >  CompUcated  by  ulnar  paralysis. 

I  Capifulorrhaphy  performed  5  months  after  wound. 

j  7  months  after  woimd  had  SO''  voluntary'  flexion,  and  lateral  mobility  decreased  to  30°  internally 
and  30°  extemallv. 


ctive  to 
110° 


Good 
power 


Fair 


Good 


CompUcated  by  ulnar  paralysis. 

Capsul'yrrhaphu  performed  with  ulnar  suture  9  months  after  wound. 

12  months  jafter  wound  [active  flexion  to  60°,  lateral  mobility  decreased  to  10°  internally  and  20° 
externally.     Some  grating  on  extension. 


None 


Fair 


After  support  for  2  months  (5  months  after  wound  till  7  months  after  wound)  voluntary  flexion 
to  60°  returned. 


'omplete. 
but  with 
difficulty 


Good 


Supported  in  plaster  in  early  treatment. 

In  voluntar^'  flexion  arm  supinated  first  and  then  flexed,  mostly  by  means  of  supinator  longua. 


Lctive  to         Good         Marked  tendency  for  humerus  to  override  outwards. 
60°        , 


Nil  Good  Treated  in  a  straight  Thomas  splint  after  primary  excision. 

.  Operation  8  months  after  wound  to  repair  ulnar  ner\-e.     Excess  of  callus  removed  and  arm 
i  I  flexed.     No  attempt  at  arthroplasty,  this  being  left  till  later  date. 


lonths  after  the  wound,  and  is  included  for  comparison  with  the  above  primary  excisions. 
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Method  of  Limited  Excision. — Of  course  it  is  impossible  to  lay  down  definite  rules 
for  any  war  .s.irjjery.  and  the  amount  of  hone  removed  must  depend  largely  on  the 
amount  of  comminution.  Yet  I  would  urjje  that  the  lines  for  excision  follow  Captain 
Sheppard's  method  as  far  as  possible  ;  that  is  to  say,  the  lower  end  of  the  humerus  is 
rounded  off  above  the  epicondyles,  and  the  radius  and  ulna  are  preserved  intact.  If 
comminution  extends  beyond  this  line  there  is  a  great  temptation  to  remove  more 
bone  ;  but  it  is  better  to  leave  this  as  far  as  possible,  and  to  cover  in  the  ends  of 
the  comminuted  bones  with  a  muscle-fascia  flap  in  the  same  way  as  is  done  in 
performing  an  arthroplasty.  A  comparison  between  Cases  1  {Fig.  259)  and  6  (Fig.  265) 
brings  out  this  point  :  all  comminuted  bone  was  removed  in  Case  1,  whilst  in  Case  6 
the  lower  end  of  tiie  humerus,  although  badly  broken,  was  left  in  situ,  and  though  it 
forms  no  ideal  articular  surface,  the  fimctional  result  obtained  is  much  better  than 
with  Case  1.  Case  -1  (Figs.  262,  263,  264),  where  the  a'-ray  showing  the  original  injury 
is   available,    is   also   instructive.      A   piece   of    shell   is   seen   lying   in   the   comminuted 


FlG.'260. — Cane  3.     Pte.  S.     Bones  separated 
ill  extension. 


Fig.  261. — Case  3.     Pte.  S.     Bones  overridinn 
before  flexion  occurs. 


lower  end  of  the  humerus.  The  e.Kcision  performed  included  the  humerus,  the  radius, 
and  ulna,  and  the  result  is  not  good.  One  feels  that  had  the  operation  been  limited 
to  the  removal  of  the  lower  end  of  the  humerus,  the  patient  would  have  had  a  much 
more  serviceable  joint. 

Relation  of  the  Extensive  Operation  to  Sepsis. — It  has  been  argued  that  wide 
excision  is  the  best  treatment  from  the  point  of  view  of  controlling  sepsis.  In  this 
series  only  one  case  healed  within  a  month,  the  others  give  an  average  of  oyer  three 
months.  This  is  not  rapid  healing  ;  but  certainly  the  more  bone  removed  the  more 
speedy  is  the  first  closure  of  the  wound.  This,  however,  by  no  means  compensates 
for  the  resulting  loss  of  function. 

Again,  one  cannot  but  feel  that  there  is  a  definite  risk  in  the  extensive  opening 
up  of  raw  bone  surfaces  in  the  presence  of  sepsis,  and  also  that  the  sepsis  may  in 
itself  defeat  the  real  purpose  for  which  primary  excision  is  performed,  by  stimulating 
the  osteogenetic  power  of  the  bone.      A  glance  at  the  radiogram  of  Case  11  (Fig.  267) 
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shows  the  large  amount  of  new  bone  thrown  out.      It  is  probable  that  if  an  excision  of 

the  same  extent  as  was  done  in  this  case  primarily,  in  the  presence  of  sepsis,  had  been 

done  later  when  the  sepsis  had  cleared  up,  a  movable  joint  would  have  been  obtained. 

The    Ability    to    Preserve    Muscular    Attachments    in    the    Limited    Excision. — In 

regard    to    the    preservation    of   muscular    attachments,    the    importance    of   leaving   the 


Fig.  ■J'''-:.~C<jsc  i.     Lt.  J.     Before 
oj>eration. 


Fk;.  '2(iiZ.— €(]■■<*■  I.  Lt.  J.  During 
treatment  after  primary  excision. 
Draiiiai.'e  tube  in  situ. 


Fig.  264.— Co**  4.     Lt.  J.     After 
treatment  by  support. 


triceps  has  been  noted  in  many  papers  ;  but  less  attention  has  been  paid  to  the 
equally  important  point  of  leaving  the  origin  of  the  supinator  longus.  Case  9  pro- 
vides a  good  example.  The  patient  in  flexing  his  elbow  uses  his  supinator  longus 
considerably  more  than  his  biceps.  To  preser\-e  the  origin  of  the  supinator  longus  is 
of  increased  importance,  of  course,  if 
the  radius  is  badly  comminuted  at  its 
upper  end.  Considering  that  the  origin 
of  the  supinator  longus  extends  high 
up  the  external  supra-condylar  ridge, 
it  is  seldom  necessary  to  interfere  with 
this  muscle  at  all  in  dealing  with  a 
wound  limited  to  the  elbow -joint. 
Another  case  (Case  1)  where  the  origin 
of  the  muscle  has  been  removed  shows 
also  that  it  is  useless  as  a  flexor  of 
the  elbow  in  its  new  attachment  to 
the  radius,  although  the  patient  has 
a  strong  wrist  and  hand  from  the  new 
attachment  of  flexors  and  extensors  of 
the  wrist  and  fingers. 

The  Resulting  Flail  Joint — An 
analysis  of  the  ten  cases  which  devel- 
oped flail-joints  after  primary  excisions 
shows  that  : — 

1.  Passive  movement  is  usually 
possible  from  full  flexion  to  about  20 

degrees  over  full  extension,  and  lateral  mobility  varies  from  20  degrees  externally  only 
to  90  degrees  both  internally  and  externally.  This  excessive  lateral  movement  is  a  great 
■disability,  the  forearm  tending  to  drop  downwards  when  the  upper  arm  is  abducted, 
and  so  practically  preventing  any  use  being  made  of  the  shoulder- joint. 

2.  Active  movement  is  usually  possible,  although  weak,  but   in  a  certain   number 

VOL.  VI.— NO.  22.  19 


-Case    6.     Pte.    V.     Comminuted   lower   end  o£ 
humerus  has  been  preserved. 
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riG/ 266.— C'(Me  10.     I'ensr.  D. 
excision.     Useful  joint. 


Limited 


of  cases   is   quite   absent.      Active   movement    is   the    standard    of  success,    and    unless 

active  movement  is  jjood,  and  lateral  mobility  slight. 
there  is  no  doubt  that  an  elbow  ankylosed  in  good 
position  gives  the  patient  a  great  deal  more  service- 
able limb. 

The  resulting  joint  is  also  greatly  dependent  upon 
the  immediate  post-operative  treatment.  The  forearm 
nnist  be  supported  efficiently  to  prevent  the  fibrous 
union  from  becoming  stretched,  and  it  is  noteworthy 
that  in  Cases  1  and  2,  where  no  active  movement 
was  possible  six  months  and  three  months  respectively 
after  operation,  no  attention  had  been  paid  to  the 
support  of  the  forearm,  and  in  some  of  the  other  cases 
the  weight  of  the  forearm  had  been  taken  by  the 
young  fibrous  tissue  far  too  soon. 

This  stretching  of  the  fibrous  union  also  accounts 
for  a  condition  of  overriding  of  the  bones  when 
voluntary  flexion  returns.  The  humerus  overrides  the 
forearm  bones  on  their  outer  side,  and  in  flexion  the 
arm  is  apparently  shortened  before  the  movement  of 
flexion  occurs  by  contraction  of  the  long  flexors  of 
the  forearm.  This  "  taking  in  of  the  slack  of  the 
joint"  is  well  seen  in  Figs.  260  and  261.  This  patient 
had  a  lucky  formation  of  a  periosteal  bone  spur  on 
the  inner  side    of  the   humerus,   and  this   acted  as  a 

pivot  which  gave    support   to  the  ulna  in   flexion.     He  had  a  very   useful  arm. 
The   Treatment  of  the  Flail  Joint. — This  is 

the  problem  that  most  concerns  the  surgeon  at 

the  orthopaedic  hospital.     The  joint  has  become 

flail   as   a   result   of:     (1)   Too   wide    a   removal 

of  bone  ;     (2)  Subsequent  stretching  of  the  soft 

tissues. 

The     former     cannot     be     remedied    (those 

extensive   enough    for   bone-grafting  to   be   con- 
sidered   are    classed    as     flail    limbs,     not    flail 

joints)  :    but  the  result  of  stretching  of  the  soft 

tissues  may  be  considerably  helped  by  : — 

A.  Support. — In  all  cases  the  weight  of 
the  forearm  must  be  taken  from  the  soft  tissues 
joining  the  humerus  and  forearm.  This  can  be 
done  by  a  simple  forearm  sling  bringing  the 
wrist  well  up  towards  the  neck,  or  the  arm  may 
be  put  up  in  full  flexion  in  plaster-of- Paris  for 
a  month  or  six  weeks,  to  allow  contraction  of 
the  stretched  soft  tissues.  The  actual  improve- 
ment possible,  even  after  there  has  been  stretch- 
ing, is  seen  in  Figs.  263  and  264,  where  a 
2J-inch  gap  was  reduced  to  half  an  inch  by 
this  means  alone. 

B.  Massage,  Electricity,  and  Hydrotherapy, 
to  improve  the  tone  of  the  stretched  tissues. 

C.  Operation. — In  Cases  5  and  6  in  this 
series  an  attempt  was  made  to  reef  in  the 
excess  of  new  fibrous  tissue  that  was  allowing 
the  excessive  play  at  the  elbow.     A  simple  capsulorrhaphy  through  a  posterior  incision 


Fig.  2G7.— Ca<c  11.     IJdr.  E.     Ankylosis. 
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was  performed,  and  the  new  'capsule'  reefed  jjosteriorly  and  at  both  sides.  There  was 
some  improvement  in  the  degree  of  lateral  mobility  in  each  case,  but  one  of  the  patients 
(Case  6,  Fig.  265)  suffered  some  subsequent  inconvenience  from  a  'grating'  of  the  two 
bone  surfaces  thus  brought  closer  together.  I  do  not  think  this  would  have  occurred 
had  the  ends  of  the  bone  at  the  primary  excision  been  covered  by  muscle-fascia  flaps. 

D.  Mechanical  Treatment. — The  func- 
tional report  on  the  above  cases  was  made 
before  any  mechanical  suppjort  was  pro- 
vided. The  pro\ision  of  a  light  aluminium 
support  consisting  of  two  lateral  pieces 
hinged  at  the  elbow-joint  and  restraining 
lateral  mobility,  whilst  allowing  flexion 
and  extension,  considerably  aids  voluntary' 
movement. 


FIG.  268.— Coj*  12.     Pte.  P.     Showing  ankylosis 
before  operation. 


Fig.   269. — Cajf  12.     Pte.  P.     Showiiie  extension 
obtained  after  limited  arthroplasty. 


FIG.  270. — Case  12.     Pte.  P.      Showing  flexion  obtained 
after  limited  arthroplasty. 


Comparison   of    Resalts    of    Primary   Excision    with   a    Case    of   Arthroplasty  for 
Aniiylosis. — In   comparison   with   the    above   series,    I   would   quote   the   following    case 
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of  arthroplasty  of  the  elbow  performed  for  ankylosis  after  a  yunshot  wound.  Case  12 
{Figs.  268.  2()9.  270).  This  patient  had  very  little  comminution  of  the  bone,  but  a 
septic  arthritis,  and  injury  to  both  median  and  ulnar  nerves.  Nerve  repair  was 
performed  six  months  after  the  wound,  and  a  partial  arthroplasty  Ave  months  later. 
The  arthroplasty  consisted  in  removing  the  external  condyle  of  the  humerus  piece- 
meal, and  the  articular  surface  of  the  head  of  the  radius,  then  dislocatinj;  the  joint 
outwards,  and  sawing  the  humerus  off  just  below  the  epicondyles.  This  method 
allows  the  bone  to  be  removed  through  a  small  incision,  with  no  injury  to  the  triceps 
tendons,  and  only  a  little  weakening  of  the  external  aspect  of  the  joint.  The  sigmoid 
cavity  of  the  ulna  was  preserved,  and  the  lower  end  of  the  humerus  rounded  off  and 
covered  by  a  flap  of  muscle-fascia  from  the  extensor  origin.  The  joint  was  kept  in 
full  flexion  for  three  weeks  without  any  attempt  at  movement.  At  the  end  of  this 
time  there  were  4.0  degrees  passive  movement  without  pain,  and  six  weeks  after  the 
operation  there  is  75  degrees  voluntary  movement,  painless,  and  only  5  degrees  lateral 
mobility    internally    and    none    externally. 

CONCLUSIONS. 

1.  Extensive  primary  excision  must  result  in  a  flail  joint. 

2.  Limited  excision  is  satisfactory. 

3.  If  the   bone   is   comminuted,   muscle-fascia   flap   should   be   carried   in   to   cover 
comminuted  bone  as  is  done  in  arthroplasty. 

4.  Post-operative  support  of  forearm  is  essential. 

5.  Rest  is  more  important  than  early  movement. 

6.  Capsulorrhaphy  in  certain  chosen  cases  of  flail  elbow  does  good. 
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THE     STRUCTURE,    FORMS,    AND     CONDITIONS     OF     THE 
ENDS    OF    DIVIDED    NERVES: 

WITH  A  NOTE  ON  REGENERATION  NEUROMATA. 

By    Major    EDRED    M.    CORNER,    R.A.M.C.  (T.) 
(A   Report  to  the  Medical  Research    Committee.) 

The  first  steps  in  any  undertaking  should  be  to  prepare  the  ground  carefully,  in  order  to 
form  a  sure  foundation  for  subsequent  work  which  may  be  built  upon  it.  This  is  the  object 
of  the  present  preliminary  report  on  the  nerve  endings  in  amputation  stumps,  and  upon 
it  the  writer  hopes  to  build  a  strong  pathological  and  clinical  superstructure. 

WTien  a  ner\e  trunk  is  divided,  it  retracts — provided  it  has  not  previously  been  torn 
from  its  bed,  as  may  easily  be  done.  Of  the  two  kinds  of  tissue  thus  divided  :  (1)  The 
divided  nerve  fibres  commence  to  degenerate  and  afterwards  regenerate,  undergoing 
two  changes  ;  and  (2)  The  divided  connective  tissue  (the  endoneuriuni,  perineurium, 
and  epineurium)  commences  at  once  to  repair,  and,  undergoing  but  one  change,  gets  a 
considerable  start  as  compared  with  the  nerves.  Consequently,  in  the  early  stages  the 
end  bulbs  of  a  divided  nerve  consist  ver\'  largely  of  fibrous  tissue.  Into  that  bulb  of 
scar  tissue  the  nerve  fibres  grow.  The  central  part  of  the  ner\'e  bulb  is  formed  from 
the  repairing  inner  coats  of  the  ner\'e  (the 
endoneurium  and  the  perineuriimi).  Its  outer 
and  circumferential  parts  are  largely  formed  from 
the  outer  coat  (the  epineurium).  This  connective- 
tissue  bulb  has  partly  ceased  to  contract  by  the 
time  the  nerve  fibres  grow  into  it,  by  reason  of 
its  early  start,  and  it  offers  a  substantial  buffer 
to  the  regenerating  nerve.  The  var\'ing  densities 
produced  by  the  gro^\i;h  and  contraction  of  this 
fibrous  tissue  give  ever-varying  patterns  of  the 
nerve  fibres  in  it  :  some  have  been  observed  in 
serial  sections  to  be  completely  turned  round, 
apparently  by  the  action  of  contracting  fibrous 
tissue,  into  a  U-shape  (Fig  271);  some  of  the 
loops  hook  over  each  other.  Hence  the  ever- 
differing    irregular    arrangements    of    the    nerve 

fibres  within  the  bulb — the  internal  plexiform  neuroma,  as  Professor  Marinesco  of 
Bucharest  termed  it.* 

The  ascending  neuritis — as  evidenced  by  the  increased  amount  of  connective  tissue 
between  the  ner\e  bundles,  and  its  added  vascularity — travels  up  between  the  fibres  in 
the  central  part  of  the  nerve  trunk.  In  the  nerve  end  there  is  little  or  no  separation 
of  the  nerve  fibres  near  the  peripher\'.  The  bundles  of  central  fibres  become  more 
tortuous  and  further  separated  from  each  other  as  they  approach  the  bulb  (Fig.  272). 
On  reaching  the  bulb,  they  undergo  more  twisting,  forming  a  well-marked  '  zone  of 
twisting.'  Beyond  this  the  nerve  bundles  come  closer  together,  interlacing  with  the 
centrally-bent  peripheral  fibres  to  form  a  dense  tissue  in  the  central  parts  of  the  bulb, 


o 


o 


o 
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FIG.  271. — To  illustrate  how  a  nerve  fibre 
CTOwiiiK  alongside  a  bundle  of  scar  tissue  can  be 
made  to  turn  completely  round  and  grow  back- 
ward, forming  a  u.  Also  its  appearance  on 
section  at  the  dilTercnt  levels. 


Proc.   Roy.   Soc.   Med.,    1918,  xi,   p.   .5. 
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the  '  zone  of  lacing.'  This  tissue  gives  the  bulb  its  hardness,  and  the  small  amount  of 
closely-packed  connective  tissue  between  the  bundles  of  nerve  filaments  allows  of  only  a 
very  little  swelling  before  causing  pressure  on  nerves  and  a  i)ainful  sensation.  This, 
then,  is  a  situation  where  very  little  inflammation  may  cause  much  pain.  The  dense 
network  jiroduced  by  the  interlacing  and  tortuosity  of  the  central  and  peripheral  nerve 
fibres  becomes  looser  as  the  apex  of  the  bulb  is  approached.  Finally,  the  apex  is 
penetrated  by  the  terminal  perforating  fibres. 

/  Lateral 
'  Perforating 


Peripheral  ^* 


Zone  cf 
Lacing 

-Scheme  of  nerve  conforpiation  in  bulb. 


On  making  a  section  of  the  bulb,  the  network  of  nerves,  the  'zone  of  lacing,'  protrudes 
in  an  irregularly  convex  form,  the  pressure  on  one  side  being  relieved  by  the  section. 

The  part  of  the  end  bulb  formed  largely  from  the  inner  and  middle  coats,  the  endo- 
neurium  and  the  perineurium — the  core  of  the  bulb — is  not  always  central  and  symmetrical, 
and  gives  different  shapes  to  the  bulbs  by  its  variations.  Over  this  central  mass  and  in 
continuity  with  it  is  the  epineural  cap  of  fibrous  tissue.  It  is  well  to  visualize  this  cap  of 
connective  tissue,  which  has  begun  to  contract  before  the  regeneration  nerve  fibres  have 


Fig.  273. — o,  >'en-e  bulb  ;  h,  Nerve  pencil ;  drawn 
from  actual  specimens  renroved  by  Major  Chappie.- 
The  nerve  which  formed  ;he  bulb  was  cut  acros.s. 
The  nerve  which  formed  the  pencil  was  amputated  by 
the  sleeve  method. 


Flo.  274.— a,  Xerve  bulb,  formed  mostiv  from  the 
endoneurium  and  perineurium  after  nerve  division  by 
cnishinf.'.  6.  The  above  with  a  nerve  pencil,  formed  by 
the  amputation  of  the  nerve  with  a  sleeve  of  epineur- 
ium  distal  to  the  crashing,  c,  The  regeneration  from 
the  point  of  the  pencil  end. 


grown  into  it.  Unfortunately  a  little  contraction  on  an  inflamed  nerve  fibre  causes  much 
pain.  In  the  nerve  pencils,  as  contrasted  with  the  bulbs,  the  epineurium  is  preserved 
as  a  sleeve,  and  does  not  participate  directly  in  the  formation  of  the  nerve  endings. 

A  nerve  btdh  is  formed  by  dividing  the  epineurium,  perineurium,  and  endoneurium 
at  the  .same  level.      (Figs.  273  n,  274  a.) 

A  nerve  pencil  is  formed  by  dividing  the  perineurium  and  endoneurium  at  one  level 
and  the  epineurium  lower  down,  so  as  to  cover  the  stump  with  a  sleeve  of  epineurium. 
(Figs.  273  b,  274  b.) 
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A  nerve  spindle  is  formed  by  partially  di\'iding  both  the  endoneuriiim  and  perineurium 
and  leaving  the  epineurium  intact.     {Fig.  274  c.) 

The  several  forms  of  bulb  are  fashioned  by  the  van'ing  parts  which  the  different 
nerve  coats  take  in  their  formation.  \VTien  the  fibrous  core  to  the  cap  just  referred 
to  is  in  the  centre  of  the  bulb,  the  peripheral  ner\-e  fibres  are  distributed  symmetric- 
ally around  it  ;  but  if  it  is  eccentric,  the  fibres  situated  on  the  periphery  of  the  nerve 
trunk  pass  it  by  asymmetrically,  more  on  one  side  than  on  the  other,  and  being 
curved  round  its  surface,  as  directed  by  the  fibrous  tissue  of  the  cap,  some  interlace 
and  others  escaf)e  at  the  apex  of  the  bulb.  Thus,  the  end  bulb  ceases  to  be  an  end 
of  the  ner\-e.  Regenerating  fibres  pass  it  by  ;  some  escape  by  the  side  of  the  bulb, 
and  some  from  the  apex.  The  more  eccentric  the  core,  the  more  peripheral  fibres  will 
be  on  one  side  or  the  other. 

Practically,  the  end  bulb  is  not  an  end  of  the  nerve  fibres :  these  can  gro\v  into  any 
adhesion  or  along  any  scaffolding  of  connective  tissue.  The  adhesion  of  a  nerve  bulb 
to  a  muscle  is  a  ver\^  frequent  event  in  painful  conditions,  and  the  scar  tissue  of  the 
adhesion  offers  a  scaffolding  for  the  nerve  fibre  to  grow  along  and  infiltrate  the  muscle, 
everj'^  contraction  of  which  must  jar  the  bulb.  This  has  been  demonstrated,  and  in 
addition  Professor  Marinesco  has  shown  new  nerve  fibres  from  the  median  ner\-e  infil- 
trating the  tendon  fibres  of  the  flexor  sublimis  digitorum.  In  these  cases  the  adhesions 
are  almost  always  lateral  to  the  bulb,  being  particularly  frequent  on  that  side  of  the 
bulb  where  there  are  most  peripheral  fibres.  Of  all  the  nerves  of  the  body,  adhesions  to 
muscles  are  most  frequently  found  on  the  stump  of  the  sciatic. 

It  is  chiefly  the  fibres  which  escape  from  the  sides  of  the  bulb  that  infiltrate  the 
surrounding  structures  through  the  adhesions  to  the  latter.  From  the  apex  of  the  bulb 
fibres  strain  out,  and,  like  a  river,  seem  to  follow  the  line  of  least  resistance.  Usually  this 
is  by  the  old  course  of  the  nerve,  or  else  along  the  vessels.  Thus,  the  internal  saphenous 
nerve  from  Hunter's  canal  on  the  front  of  the  thigh  may  communicate  with  a  regenerating 
sciatic  behind  via  the  course  of  the  vessels. 

Regeneration  Neuromata. — Should  the  flowing  growth  of  the  regenerating  fibres  meet 
an  obstruction,  they  bank  up,  as  a  stream  forms  a  lake,  so  causing  a  tumour  of  new  growth, 
a  regeneration  neuroma.  The  regeneration  neuromata  are  far  more  often  found  on  small 
nerves  of  devious  course  than  on  large  ner\-es  which  run  a  plain  easy  path.  On  small 
nerves  they  are  multiple  and  coursal,  along  the  ners'e's  course,  whilst  on  large  nerves  they 
are  simple  and  terminal.  These  regeneration  neuromata  have  been  found  most  often — 
and  multiple,  three  or  four — on  the  internal  saphenous  ner\-e ;  less  often  and  less  in 
numbers  on  the  small  sciatic  nerve.  Never  have  they  been  found  multiple  in  the  arm, 
though  there  is  no  apparent  reason  why  they  should  not  so  exist  ;  perhaps  the  true 
reason  is  that  the  arm  in  general  produces  simple  and  straightforward  problems  and 
conditions  as  compared  with  the  leg.  Regeneration  neuromata  grow  mainly  in  the  leg  ; 
they  may  be  multiple  ;  as  single  tumours  they  form  the  terminations  of  all  large  nerve 
trimks  formed  by  regeneration,  and  consist  of  a  large  and  varying  amount  of  fibrous  tissue 
and  a  small  and  varying  amount  of  nerv'ous  tissue. 

Nerve-bulb  Pain. — What  makes  the  nerve  ends  painful  ?  There  are  several  theories. 
The  first  has  been  most  recently  and  loudly  advocated  by  Captain  Sydney  Cone  in  a  long 
and  learned  paper.*  After  much  labour  and  research  he  has  found  and  elaborated  a 
specific  stain  for  neurokeratin.  From  a  study  of  the  results  he  has  concluded  that 
"  three-fourths  of  each  (painful  bulb)  consists  of  young  nerve  fibres,"  and  that  "  they 
cause  pain  apparently  by  their  excessive  proliferation  against  resistance  "  of  scar  tissue. 
One  can  follow  this  theorj-  quite  well,  and  easily  understand  that,  within  reason,  the  older 
the  bulb  the  more  numerous  the  nerves  within  it.  But  as  a  clinical  explanation  the  theory 
fails,  because  after  section  everv'  nerve  end  is  tender  for  four  to  six  weeks.  In  normal 
cases  the  tenderness   disappears  just  at  the  time  when  the  intrabulbous  nerve  pressure 


*  British  Journal  of  Surgery,    1918,  v.    No.    20,   p.    524. 
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from  the  growth  of  young  nerves  should  be  coming  into  operation.      In  such  a  common 
and  normal  case  the  theory  of  neural-growth  causation  of  nerve-end  pain  fails. 

Perhaps  the  most  popular  theory  of  nerve-bulb  pain  was  that  it  was  due  to  con- 
striction and  compression  from  the  contraction  of  the  scar  tissue  in  and  aroimd  the 
bulb.  Many  examples  of  this  condition  are  to  be  found  in  studying  the  structure  of  nerve 
bulbs,  both  in  those  which  clinically  are  painful  and  in  those  which  are  i)ainless.  The 
following  may  be  cited  : — 

1.  AVhen  a  microscopic  section  is  made  of  a  nerve  which  has  not  been  hardened  as 
it  lay  stretched  out,  the  fibres  are  seen  to  be  waved.  In  the  same  section  there  are  often 
both  waved  and  straight  fibres,  showing  that  some  are  held  out  very  taut — most  probably 
by  the  fibrous  tissue  between  the  nerve  bundles — whilst  others  are  not  so  held.  There  is 
evidence  of  tight  hold,  if  not  of  strangulation. 

2.  The  interior  of  a  nerve  bulb  is  filled  with  a  network  of  nerve  fibres,  loops  of  which 
knot  with  other  loops,  the  knots  so  formed  being  more  or  less  tighth"  drawn.  A  section 
of  a  painful  neuroma  showed  this,  and  also  the  tortuosity  of  the  fibres  in  the  bulb,  its 


Fig.  275. — .Showing  nerve  fibres  crashed  by  the  contraction  of  the  surrounding  fibroiLS  tissue.     Xerve  fibres 
without  a  capsule,  and  uncrushed,  are  shown  at  the  upper  part  of  the  section,     (x  30.) 


great   vascularity,   and   the   large   amount  of  oedematous   fibrous  tissue   within   it.     The 
nerve  bimdles  were  very  twisted. 

3.  The  fibrous  capsule  of  the  bulb  is  not  often  contracted  so  as  to  be  observable  with 
the  naked  eye,  like  that  of  a  hobnailed  liver.  Occasionally  a  bulb  is  seen  to  be  wrinkled, 
with  fibrous  downgrowths  into  it.  More  frequently  the  contractions  can  only  be  seen  with 
a  microscope. 

4.  In  another  section  there  was  a  strangulated  island  of  nerve  tissue,  the  strangulation 
being  suggested  by  the  irregularity  of  the  neural  waves  in  the  pinched  'island.'  They 
were  like  those  on  boiling  fluids. 

5.  A  section  of  a  sciatic  nerve  showed  a  very  remarkable  state  of  affairs.  Growing 
down  from  the  capside  of  the  bulb  was  a  band  of  fibrous  tissue,  which  divided,  embracing 
many  nerves  in  a  kind  of  alveolar  arrangement.  By  contraction  of  the  walls  the  con- 
tained nerves  were  cru.shed.  In  the  drawing  {Fig.  275),  crushed  and  uncrushed  fibres  may 
be  compared. 
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6.  A  section  of  a  strangulated  nerve  showed  oedema  of  the  interfascicular  connec- 
tive tissue,  starting  from  the  point  at  which  the  fibres  were  constricted.  (Edema  was 
present  in  all  parts  distal  to  where  the  lymphatic  flow  was  impeded. 

7.  A  section  from  another  case  also  showed  strangulation  and  twisting  of  an  oedema- 
tous  nerve  bundle. 

8.  Another  section  was  interesting  as  demonstrating  a  slight  strangulation  of  two 
nerve  bundles  by  a  bridge  of  scar  tissue,  which  only  pressed  sufficiently  to  damp  off  the 
size  of  the  waving  as  the  bundles  passed  under  it. 

9.  In  another  section  the  nerve  bulb  showed  a  strangulated  and  twisted  nerve  bundle, 
with  increased  amount  and  vascularity  of  the  connective  tissue. 

10.  A  section  showed  a  strangulated  nerve  island,  with  increased  size  and  irregularity 
of  the  wa\ing.  There  was  also  a  band  over  a  nerve  bundle,  which  was  constricted  at  that 
jx>int,  the  nerve-waving  being  damped  off. 

11.  Another  section  showed  very  clearly  a  strangulated  and  twisted  nerve  bundle,  with 
increased  vascularity  and  quantity  of  interfascicular  connective  tissue. 

12.  Another  section  showed  the  presence  of  a  large  collar  of  scar  tissue  which  by  it 
contraction  had  bitten  deeply  into  a  nerve  bundle,  causing  its  severe  strangulation. 

13.  In  another  section  there  was  strangulation  of  a  severely  constricted  nerve 
bvmdle. 

Doubtless  these  two  factors,  the  raising  of  the  intrabulbar  pressure  by  neural  growth 
and  the  contraction  of  the  fibrous  tissue,  have  some  significance.  They  can  be  found, 
however,  when  there  is  no  complaint  of  pain,  and  consequently  cannot  be  regarded  as 
giving  a  pathological  explanation  of  this  clinical  symptom.  Professor  Marinesco  and  I 
have  shown*  that  the  true  explanation  is  to  be  found  in  the  raised  intrabulbar  pressure 
and  the  irritation  of  an  infective  inflammation  which  is  the  characteristic  of  painful 
stumps,  and  that  this  is  favoured  by  the  presence  of  foreign  bodies,  reaching  the  nerve 
bulbs  by  direct  extension  if  the  nerve  has  not  been  cut  short,  or  indirectly  by  the  h-mph 
stream  if  it  has.  If  these  foci  of  inflammation  should  be  in  the  'zone  of  lacing"  of  a 
nerve  bulb,  pain  is  quickly  and  easily  caused,  as  there  is  little  room  between  the  nerve 
bundles  for  swelling.  A  swollen  nerve  is  more  susceptible  to  twisting,  pressure,  and 
strangulation,  and  more  painful  therefrom.  Doubtless,  therefore,  increased  intrabulbar 
pressure  accounts  in  some  degree  for  the  pain  of  nerve  endings ;  but  the  pressure  and 
irritation  of  infective  inflammation  is  the  prime  factor  which  produces  the  pain.  As 
the  presence  and  extent  of  this  factor  has  been  frequently  demonstrated  by  me  else- 
where,* no  more  need  be  said  here.  In  this  report  I  wish  to  consider  the  various  shapes 
of  nerve  bulbs,  their  methods  of  production,  and  the  zones  of  contraction  around  them, 
as  these  have  not  been  detailed  previously. 

Nerve  bulbs  take  four  shapes  ;  three  of  these  are  fairly  well  known,  but  one  has  been 
noted  only  recently,  and  is  as  yet  imperfectly  recognized.  They  are  (1)  The  nerve  bulb  ; 
(2)  The  nerve  pencil  ;    (3)  The  nerve  spindle  ;    and  (4)  The  nerve  drop. 

1.  The  first  of  these  is  the  best  known  by  far,  and  is  produced  by  merely  cutting  across 
the  nerve  transversely  or  obliquely.  Roughly,  it  is  made  up  by  the  coats  of  the  nerve  as 
follows  :  Near  the  regenerating  fibres  is  a  mass  of  scar  tissue  resulting  from  the  repair  of 
the  endoneurium  ;  outside  this  is  a  cap  of  perineurium  ;  and  most  external  is  a  cap  of 
epineurium.  A\Tiy  has  the  trouble  been  taken  to  enumerate  these  facts  ?  The  answer  is 
that  only  in  the  bulb  and  close  to  it  is  a  regenerating  nerve  fibre  in  danger  of  compression. 
Once  let  the  fibre  penetrate  beyond  the  cap  of  scar  tissue  furnished  by  the  nerve  coats,  and 
it  will  have  grown  into  a  region  where  the  scar  tissue  has  largely  ceased  to  contract  and 
now  merely  acts  as  scaffolding  along  which  the  regenerating  nerves  grow.  Only  near  the 
bulb  does  the  regenerating  nerve  fibre  run  the  risk  of  being  compressed.     Once  beyond. 


•  In  a  lecture  at  the  Royal   Society  of  Medicine   in  April,    1918,  and  later,  I  have  demonstrated  to 
the   Surgical.  Neurological,  and   Electro-therapeutic   Sections  of  the  Royal  Society  of    Medicine  in  May 
at   the  Welsh  Metropolitan  War    Hospital,    Cardiff,  in  April  :    and   at   St.   Thomas's   Hospital  in  May. — 
Proc.  Roy.  Soc.  Med.,   1918,  June  ;     Brit.  Med.  Jour.,.  I91S,  June. 
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it  is  safe,  except  for  accidents,  such  as  where  it  is  strangulated  and  adherent  to  bone,  as  in 
a  Syme's  amputation. 

2.  The  nerve  pencil  is  a  very  definite  structure  which  is  produced  by  amputating  the 
nerve  so  as  to  cover  the  stump  with  a  sleeve  of  epineurium.  This  method  only  fails  in 
its  technique.  Epineural  flaps  are  sometimes  'holey,"  and  indeed  ineHicacious,  in  their 
fashioning.  They  are  condemned  by  Captain  G.  M.  Huggins  in  his  excellent  little  book 
on  amputation  stumps.*  Captain  Huggins  has  had  an  unrivalled  experience  of  amputation 
stumps  at  Brighton,  added  to  an  extended  surgical  experience  at  St.  Thomas's  Hosj)ital, 
and  later  in  South  Africa.  His  opinion  is  therefore  valuable.  But  undoubtedly  the  zone 
of  certain  compression  around  the  tip  of  the  nerve  pencil  is  smaller  than  that  around  the 
nerve  bulb  (Fig.  276).  A  nerve  pencil  can  be  made  by  crushing  the  nerve  and  transfixing 
and  ligating  the  crushed  part  with  fine  catgut.  This  method  I  have  often  used,  and 
it  is  more  certain  than  any  epineural  sleeve ;  but  experiments  often  reveal  that  a  number 
of  the  fibres  were  not  divided  by  the  crushing,  the  filaments  only  being  compressed. 
The  epineurium  (outer  coat)  was  rarely  divided  except  by  Kocher's  crushing  forceps.  The 
best  instrument  I  foimd  was  the  smooth  appendix  clamp  made  for  me  in  1903  by  Messrs. 
Allen  &  Hanburj's. 

Fig.  276. — Diagram  to  illustrate  the  zones  of  nerve-fibre 
Connective  tissue  compres.sion   by  the  cicatrization  of  the  scars  next  to   the 

scaffolding  nerve   end.     The  innermost  zone,  mostly  derived  from  the 

endoneurium,  is  that  of  certain  compression.  The  middle 
zone,  mostly  derived  from  the  perineurium,  is  that  of 
possible  compression.  The  outer  zone,  mostly  derived  from 
the   epineurium,   contains  scar   tissue   which   has  ceased   to 

contract,   and   its   fibres   act   as  scaffolding  to  the  growing 

-  'Zone  of  Compression  ^^^^^  shoots. 

3.  The  nerve  spindle  is  produced  by  crushing  the  nerve,  the  object  being  to  divide 
the  ner\-e  fibres  and  not  the  connective-tissue  coats.  This  has  been  accompanied  by 
varj'ing  success.  The  vasa  nervorum  certainly  did  not  bleed.  But  the  method  was 
discarded  because  the  crushing  caused  a  certain  amount  of  epineuritis  around  the  nerve, 
with  subseqiient  pain,  adhesions,  and  a  generally  unsatisfactory  condition. 

4.  One  of  the  most  successful  methods  of  nerve  amputation  for  curing  pain  is  by  nerve 
anastomosis,  but  the  method  is  too  laborious  for  ordinary  use.  Its  results  are  excellent, 
and  seem  to  depend  on  the  thoroughness  with  which  the  steps  of  the  operation  are  done. 
It  has  been  modified  and  made  more  generally  useful  by  the  L-operation.  This  method 
gives  rise  to  a  nerve  drop  ;  but  it  is  too  recent  for  its  results  to  be  really  known  yet.  Its 
bulb  is  certainly  very  like  the  ordinary  end  bulb,  but  longer. 

The  usual  method  in  my  practice  is  that  of  the  'swing  door.'  The  nerve  is  gently 
drawn  down,  divided  by  two  cuts  (one  from  either  side),  and  then  allowed  to  retract,  the 
backward  movement  closing  the  flaps  like  swing  doors.  It  forms  a  bulb  like  the  ordinary 
bulb,  but  the  nerve  is  shortened  and  its  end  closed  cleanly  and  without  stitches  or 
manipulation. 

Lastly,  there  is  the  nerve  triangle  to  be  mentioned.  It  is  found  particularly  in  the 
musculospiral  and  posterior  tibial  nerves,  and  is  produced  by  the  nerve  becoming  adherent 
to  bone,  its  end  being  unable  to  expand  to  form  a  bulb.  The  result  is  a  very  flattened 
nerve  end,  often  of  triangular  shape,  as  when  a  nerve  becomes  attached  to  a  bony  spur. 

The  zones  of  compression  about  a  nerve  end  are  clinically  not  much  affected  by  the 
shape  and  fashion  of  the  bulb.  The  cause  of  the  pain  is  not  compression  of  the  nerve 
tnmk  :  that  only  accentuates  the  pain  already  created  by  the  foci  of  inflammation  within 
the  bulb,  and  is  in  no  obvious  way  affected  by  the  shape  of  the  nerve  end. 


*  Frowde,  Hodder  &   Stoughton. 
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INJURIES    OF    THE    PERIPHERAL    NERVES    FROM    THE 
SURGICAL    STANDPOINT. 

By    .Major    H.    S.   SOUTTAR,   R.A.M.C.,   and    Captain    E.    W.   TWINING,   R.A.M.C. 

Injuries  of  the  peripheral  nerves  present  one  of  the  most  difficult  problems  which 
have  arisen  in  the  surgerj'  of  the  war.  The  curious  inquirj-  of  a  few  specialists  has 
suddenly  become  a  question  of  urgent  importance,  the  answer  to  which  it  is  hard  to 
find.  Not  only  must  the  general  surgeon  undertake  operations  with  the  technique  of 
which  he  is  not  familiar  :  the  surgeon  who  has  had  previous  experience  of  ner\-e  injuries 
in  civil  life  finds  himself  confronted  by  problems  which  tax  his  ingenuity  to  the 
utmost,  many  of  which  are  still  unsolved.  It  has  therefore  appeared  to  us  that  the 
careful  consideration  of  cases  which  have  come  under  our  notice  might  be  of  some 
value  at  the  present  time.  We  propose  to  give  an  account  of  these  ca.ses,  of  the 
obser\-ations  which  we  have  made,  and  of  the  deductions  which  we  consider  may  be 
drawn  from  them.  By  presenting  the  whole  of  our  material  in  an  abbreviated  form, 
we  hope  to  make  it  possible  for  any  who  may  care  to  study  it  to  decide  for  them- 
selves whether  or  not  our  deductions  are  justified,  and  to  give  to  each  of  these  its 
proper  value.  We  shall  entirely  avoid  speculation,  and  shall  limit  ourselves  stringently 
to   what   we  have  ourselves  observed. 

We  are  confronted  at  the  outset  by  the  difficulty  of  keeping  patients  under 
observation  for  a  sufficient  time.  Some  cases,  however,  we  have  been  able  to  follow 
through  to  their  recovery-,  and  by  adding  a  brief  Summar\'  to  most  of  the  case  histories 
in  Appendix  B,  we  have  been  able  to  place  in  their  true  perspective  our  observations 
on  those  cases  whose  record  is  less  complete.  This  seemed  to  us  better  than  to  discard 
cases  of  great  interest — many  of  them  those  from  which  we  have  learnt  the  most. 

This  paper  is  founded  on  the  series  of  cases  of  nerve  injur\-  which  have  passed 
through  this  hospital  in  the  last  two  years.  We  have  excluded  cases  of  a  trivial  or 
transient  nature,  and  those  which  were  transferred  to  other  hospitals  before  adequate 
observation  could  be  made.  The  cases  were  under  the  care  of  the  various  medical 
officers  of  the  hospital,  to  whom  we  would  record  our  thanks,  and  to  whose  skill  the 
recover^'  of  many  of  the  patients  was  due.  For  notes  on  some  of  the  earlier  cases  we 
are  indebted  to  Colonel  Miller,  A.M.S.,  of  whose  admirable  records  we  have  made  fiill  use. 

Our  observ'ations  were  made  on  128  cases,  which  may  be  group>ed  as  follows  : — 


Nerve 

Operatiox 

So 

Total 

Operation- 

Ulnar               

18 

10 

28 

Median 

7 

6 

13 

Median  and  ulnar  . . 

8 

2 

10 

Musculospiral 

8 

13 

21 

Posterior  interosseous 

3 

3 

6 

Musculocutaneous  . . 

1 

— . 

1 

Brachial  plexus 

9 

2 

11 

Internal  popliteal 

2 

2 

4 

External          „ 

7 

9 

16 

Internal  &  external  popliteal 

7 

5 

12 

Lumbar  plexus 

— - 

1 

1 

Facial 

— • 

6 

6 

Total  cases 

70 

59 

129 
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METHOD    OF    EXAMINATION. 

In  examining  our  cases  a  (iefinite  routine  has  been  followed,  and  the  examination 
itself  has  been  reduced  to  as  simple  a  form  as  possible.  A  complete  investigation  of 
every  case  would  have  furnished  work  for  an  army  of  neurologists,  without  practical 
results   of  connnensurate    value.      By   very   simple   methods   it   is   possible   to   discover 


FIG.  277. — Ulnar  area  of  anaesthesia. 


FIG.  278. — ^Median  nnsesthesia,  full  area. 

the  site  of  injurj%  and  to  estimate  its  degree.  By  similar  examinations  at  intervals 
of  a  few  weeks  we  can  follow  the  course  of  a  case  and  form  some  idea  as  to  its 
prognosis.  By  the  time  wounds  are  sufficiently  sound  to  allow  of  operative  pro- 
cedures, we  shall   be  in  a  position  to  decide  on  the  advisability  of  the  latter,  and  in 
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most  cases  we  shall  be  able  to  state  whether  neurolysis  or  actual  resection  is  required. 
We  would  lay  stress  on  the  great  value  of  continuous  records  even  of  the  simplest 
nature,  as  against  a  single  investigation  even  of  the  most  elaborate  completeness. 

Sensory. — Cutaneous  sensation  is  tested  with  a  soft  camel-hair  brush  and  a  pin. 
The  former,  if  lightly  used,  furnishes  a  convenient  and 
rapid  means  of  mapping  out  epicritic  sensation,  but  the 
charts  of  protopathic  loss  obtained  by  pin-prick  are 
more  reliable,  and,  with  the  rather  insensitive  skin  of 
the  soldier,  are  more  readily  obtained.  In  general  the 
difference  between  the  areas  is  negligible,  the  proto- 
pathic loss  being  the  smaller  except  in  very  high  lesions 
of  the  nerves.  It  is  essential  that  no  confusion  should 
be  caused  by  deep  sensation,  which  a  brush  may  arouse 
by  moving  the  hairs  whose  roots  are  supplied  from 
this  source,  and  a  pin  through  pressure.  Deep  sense 
is  carried  up  by  tendons  and  motor  branches  along 
routes  entirely  different  from  those  which  ser\'e  other 
cutaneous  impulses  ;  it  often  remains  intact  in  com- 
plete lesions  of  the  main  trunks  of  supply,  a  fact  which 
is  responsible  for  many  of  the  cases  of  'early  recoven*'* 
of  which  one  reads.  The  areas  of  sensor\-  loss  corre- 
sponding to  the  principal  nerves  are  shown  in  the 
charts  (Figs.  277-280).  It  must,  however,  be  noted 
that  these  are  by  no  means  constant,  and  that  they 
do  not  always  correspond  with  the  areas  described  in 
anatomical  text-books.  We  are,  in  fact,  dealing  with 
function,  and  not  with  the  gross  distribution  of  fibres. 
Thus,  the  large  area  of  anatomical  radial  supply  is  in 

striking  contrast  to  the  minute  area  of  sensory  loss  which  is  found  in  complete 
lesions   of   this   ner\-e.      The    fact    is   that    a    large    part    of  the    skin    has    a    multiple 

supply,  and  it  is  only  in  that  part 
which  is  exclusively  supplied  by  the 
affected  nerve  that  sensorv'  loss  is 
seen.  In  irritative  lesions  of  ner\-es, 
on  the  other  hand,  the  whole  ana- 
tomical area  of  supply  is  affected, 
and  in  such  cases  this  area  can  be 
mapped  out  as  a  region  of  extreme 
sensiti^^ty. 

Trophic. — ^Trophic    changes    are 

rarely  marked  except  in  the  case  of 

partial    and   irritative  lesions.      The 

skin  may  be  dry-  and  covered  with 

a    branny    desquamation,   or    glossy 

and  glistening  with  minute  beads  of 

sweat,    or   it    may    be    sodden    and 

offensive  and    covered    with  a  thick 

layer    of    cutaneous    debris.      These 

changes  appear  to  be  largely  due  to 

want  of  use  of  the   limb,  for  when 

the  ner\-e  has  been  freed  or  sutured,  and  the  limb  efficiently  treated  by   massage   and 

baths,  they  rapidly  disappear,  long  before  any  recovery'  of  ners-e  fibres  is  jwssible.     In 

our  experience  trophic  changes  in  limbs  under  full  treatment  are  insignificant. 

Motor. — The  motor  results  of  a  ner\'e  lesion  are  by  no  means  as  easy  to  demon- 
strate  as   might   at    first   appear.     An   accurate   knowledge   of  the   ner\-e-supply  of  the 


Fig.  279. — Mosciilt^piral  ansesthesia, 
n'vDal  area.  Dotted  line  shows  com- 
plete area. 


External  poplitenl. 
Fig.  2S0. — Sciatic  areas  of  anaesthesia. 
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various  muscles,  and  of  the  exact  movements  which  each  produces,  is  essential.  With 
each  nerve  there  arc  certain  critical  movements  for  which  we  must  look,  and  tliere 
are  certain   errors  which   we  must   avoid. 

The  musculospiral  produces  extension  of  the  wrist  and  of  the  proximal  joints  of 
the  fingers.  Extension  of  the  two  interphalangeal  joints  of  the  fingers  is  produced  by 
the  lumbricals  and  interossei  (median  and  ulnar),  and  abduction  of  the  thumb  by  the 
abductor  pollicis  brevis  (median),  which  in  some  cases  sends  a  slip  to  the  dorsal 
expansion  on  the  thumb,  and  can  thus  produce  extension  of  the  terminal   phalanx. 

The  characteristic  movements  produced  by  the  median  nerve  are  flexion  of  the 
index  and  of  the  thumb,  and  opposition  of  the  thumb.  In  the  last  movement 
rotation  of  the  metacarpal  is  the  essential  feature,  the  thumb  nail  turning  to  face  the 
observer  looking  at  the  palm.  In  adduction  of  the  thumb  produced  by  the  adductor 
pollicis   (ulnar),   this  rotation   does   not   occur. 

Only  the  ulnar  can  produce  complete  flexion  of  the  little  finger  and  ulnar  flexion 
of  the  wrist.  But  the  chief  feature  of  an  ulnar  lesion  is  the  wasting  of  the  small 
muscles  of  the  hand,  specially  noticeable  in  the  first  interosseous  space.  The  little 
and  ring  fingers  assume  a  slightly  clawed  position,  but  the  complete  claw-hand  is 
only  seen  in  combined  lesions  of  the  median  and  ulnar,  where  all  the  lumbricals  are 
paralysed. 

In  complete  lesions  of  the  median  and  ulnar,  flexion  of  the  wrist  can  still  be 
performed,  and  is  at  first  sight  a  very  perplexing  phenomenon.  It  is  carried  out  by 
the  short   extensors   of  the  thumb,   which  pass  slightly  to  the   front  of  the   wrist-joint. 

Lesions  of  the  brachial  plexus  may  give  rise  to  paralyses  of  great  complexity, 
but  they  can  often  be  easily  resolved  if  it  is  remembered  that  section  of  the  fifth 
cervical  root  produces  paralysis  of  the  deltoid,  biceps,  brachialis  anticus,  and  supi- 
nator longus,  whilst  section  of  the  first  dorsal  root  produces  paralysis  of  all  the  small 
muscles  of  the  hand,  which  becomes  completely  clawed. 

In  the  leg,  movements  are  simpler,  and  loss  thereof  is  more  easily  referred  to  its 
source.  The  external  popliteal  elevates  and  everts  the  foot,  the  internal  popliteal 
depresses  it.  But  it  should  be  noted  that  quite  powerful  flexion  of  the  ankle  can  be 
produced  by  the  peronei,  accompanied,  however,  by  very  marked  e version.  Even 
in  high  lesions  of  the  sciatic,  paralysis  of  the  hamstrings  is  rare,  and  in  none  of  our 
series  has  it  been  complete.  The  lumbar  plexus  is  so  placed  that  injuries  to  it  are 
usually  fatal  ;    only  one   instance  occurs  in  our  series. 

Electrical. — The  tests  which  we  use  for  diagnosis  are  of  the  simplest  nature.  Two 
small  spherical  pads  are  used,  connected  with  a  variable  galvanic  or  faradic  supply 
with  a  metronome  interrupter  in  the  circuit.  Ten  days  after  a  complete  nerve  lesion 
the  reaction  of  degeneration  can  be  obtained,  with  the  slow,  undulatory  contraction  to 
galvanism  and  the  absence  of  any  reaction  to  faradism.  But  in  our  experience 
paralysed  muscles  vary  greatly  in  the  rapidity  of  their  contraction,  some  reacting 
quite  briskly  when  the  nerve  is  known  to  be  entirely  severed.  A  more  constant 
phenomenon  is  the  slow  relaxation  which  occurs,  so  slow  that  a  quick  metronome 
interrupter  may  have  had  time  to  send  a  fresh  stimulus  before  relaxation  from  the 
first  contraction  is  complete.  The  electrical  reactions  are  of  importance  in  that  they 
enable  us  to  eliminate  the  possibility  of  a  functional  paralysis,  which  may  perhaps 
have  followed  on  a  real  but  trivial  injury  to  a  nerve.  In  such  a  case  the  muscles 
will  always  respond  readily  to  a  faradic  current. 

CARE    OF    THE    LIMB. 

The  lesion  diagnosed,  the  next  thing  is  to  make  arrangements  for  the  care  of  the 
limb.  It  is  essential  to  remember  that  upon  the  amount  of  trouble  and  skill  ex- 
pended on  the  limb  before  operation  the  ultimate  result  will  largely  depend.  Muscles 
must  be  kept  relaxed  and  in  good  condition,  tendons  must  not  be  allowed  to  become 
adherent,    nor  joints   to   become   stiff.      It  is   not   sufficiently   realized  that    it   is   quite 
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possible  to  keep  a  paralyzed  limb  in  such  perfect  condition  that  only  an  expert  can 
detect  from  its  appearance  that  any  abnormality  is  present.  The  so-called  trophic 
changes  are  largely  the  results  of  neglect,  not  of  any  inevitable  pathologj\ 

Massage. — This  should  be  started  at  the  earliest  possible  moment,  and  splints 
should  be  so  arranged  that  as  much  as  possible  of  the  limb  can  be  reached.  A 
gentle  exercise  for  the  muscles  is  thus  obtained,  the  lymphatic  circulation  is  stimu- 
lated, and  the  skin  is  kept  in  a  healthy  state.  Very  special  attention  should  be  paid 
to  the  fingers  and  to  the  preservation  of  their  complete  mobility,  particularly  at  the 
metacarpo-phalangeal  joints.  A  few  weeks"  neglect  may  result  in  a  stiffness  of  the 
hand  from  which  recovery-  may  be  impossible. 

Mechanical  Treatment, — As  repair  proceeds,  it  is  possible  to  adopt  more  vigorous 
methods,  and  many  ingenious  appliances  have  been  devised  for  persuading  the  patient 
to  use  his  limb,  for  it  must  always  be  remembered  that  this  is  the  ultimate  goal. 
In  those  of  the  Zander  type  a  pendulum  or  flj-wheel  is  always  included,  the  inertia 
of  which  tends  to  carry  each  movement  a  little  further.  Others  provide  graduated 
resistance  to  various  movements,  requiring  more  volitional  effort  on  the  part  of  the 
individual.  We  have  a  large  department  equipped  with  both  types,  and  the  men 
pass  from  one   machine  to  another,  obtaining  variety  of  exercise  and   of  interest. 

Whirlpool  Baths. — The  whirlpool  bath  is  a  form  of  treatment  which  we  owe  to  the 
war,  and  we  are  becoming  every  day  more  convinced  of  its  value.  As  our  equipment 
presents  some  nov'el  features,  it  may  be  worth  while  to  describe  it  in  some  little  detail. 
It  is  specially  well  suited  to  the  requirements  of  a  hutted  hospital,  where  the  water- 
supply  is  limited,  and  where  a  large  supply  of  hot  water  under  pressure  is  unobtainable. 
Our  baths  are  so  arranged  that  heated  water  from  a  tank  is  driven  by  a  centri- 
fugal pump  through  the  baths,  and  returns  to  the  tank  by  gravity.  The  temperature 
of  the  water  is  maintained  by  a  small  gas-heater  through  a  separate  circulation. 
This  system  is  extremely  economical,  both  in  construction  and  in  use,  for  only  about 
500  gallons  of  water  are  required  to  operate  our  twenty  baths,  and  the  loss  of  heat 
is  so  small  that  only  a  bye-pass  h  used  for  the  gas  after  the  water  has  once  been 
heated.  As  3000  gallons  of  water  per  hour  are  driven  through  the  baths,  the  economy 
of  water  and  of  heat  will  be  obvious.  The  water  is  changed  once  a  day,  and  this 
api>ears  to  be  quite  sufficient.  No  inconvenience  has  arisen  from  the  repeated  use  of  the 
same  water.  One  great  advantage  of  the  system  is  that  it  is  self-contained,  and 
requires  only  a  small  water-supply,  a  small  source  of  heat,  and  a  small  source  of 
energy.  It  can  be  controlled  by  an  orderly  of  average  intelligence,  and  it  is  almost 
impossible  to  put  it  out  of  order. 

The  cost  of  our  original  installation  of  eleven  baths  was  about  £200,  and  the 
cost  of  maintaining  these  was  about  Is.  per  hour.  In  our  present  installation  we 
have  introduced  an  air-compressor,  a  somewhat  exp>ensive  addition,  though  it  adds 
considerably  to  the  possibilities  of  treatment.  The  total  cost  of  the  apparatus,  with 
twenty  baths,  as  it  at  present  stands  would  be  about  £500.  It  is  our  routine  practice 
to  give  twenty  minutes  in  a  bath,  followed  immediately  by  ten  minutes'  massage. 
The  chief  effects  of  the  bath  are  a  great  increase  in  vascularity  and  a  remarkable 
softening  of  the  tissues,  with  the  result  that  massage  is  greatly  facilitated  and  much 
time  and  labour  are  saved.  The  freedom  of  movement  of  joints  and  muscles  which 
follows  immersion  in  a  bath  is  very  striking.  In  a  few  days  the  skin,  from  being 
glazed  and  atrophic,  becomes  soft  and  thick,  the  muscles  become  supple  and  elastic, 
and  the  mobility  of  the  joints  is  increased.  Even  in  the  case  of  extensive  nerve 
lesions  the  appearance  of  the  limb  becomes  almost  normal,  and  the  familiar  trophic 
changes  are  almost  entirely,  absent. 

We  regard  the  whirlpool  bath  as  the  most  powerful  curative  physical  method  at 
present  at  our  disposal.  It  facilitates  other  methods,  softening  the  limb  for  massage,  and 
increasing  its  conductivity  for  electricity  ;  it  reduces  pain  ;  and  it  produces  in  the  patient 
a  feeling  of  well-being  in  the  limb  which  stimulates  him  to  those  voluntary  exertions 
without  which  no  complete  recovery  can  be  obtained.     A  very  important  feature  of  the 
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treatment  is  the  great  economy  in  massage  effected.  The  duration  of  massage  has  been 
reduced  from  30  to  10  minutes,  the  actual  process  is  easier  and  less  laborious,  while 
the  results  are  in  every  way  superior  to  those  which  we  could  previously  obtain. 

Electrical  Treatment. — There  has  been  a  considerable  development  in  electrical 
methods  of  treatment  to  meet  the  requirements  of  war  surgery.  Many  ingenious  appli- 
ances have  been  evolved,  of  which  we  make  full  use,  but  it  is  only  possible  to  mention 
briefly  a  few  of  these  in  the  present  paper.  In  the  treatment  of  nuiscles  whose 
nerve-supply  is  completely  severed,  the  interrupted  galvanic  current  still  holds  the 
first  place,  and  will  form  the  basis  of  any  routine.  It  may  be  applied  in  several 
ways.  We  usually  place  a  large  pad  connected  with  the  positive  pole  around  the 
proximal  part  of  the  limb,  and  a  small  pad  is  moved  from  point  to  point  over  the 
distal  portions  of  the  muscles  till  satisfactory  contractions  of  each  are  obtained. 
Interruptions  are  produced  by  a  metronome,  and  a  rheostat  controls  the  potential. 
A  general  stimulation  of  the  muscles  may  be  obtained  without  the  use  of  any  inter- 
rupter, the  variations  of  current  produced  by  sliding  the  small  pad  from  point  to  point 
being  sufficient  to  evoke  contractions.  It  is  important  in  any  case  that  the  current 
should  pass  longitudinally  along  the  muscle  fibres,  and  in  the  case  of  a  paralyzed 
muscle  the  best  contractions  will  usually  be  obtained  by  placing  the  small  pad  in  the 
region  of  the  tendon  of  insertion.  Care  should  be  taken  to  avoid  fatigue,  and  when 
a   muscle   shows   signs   of  flagging,   another   should   be   selected   for   stimulation. 

In  some  cases,  however,  this  method  is  too  painful,  especially  where  the  lesion  of  the 
nerve  is  incomplete.  In  such  cases  we  have  obtained  excellent  results  from  the  slow 
galvanic  oscillation  given  by  a  Wilson  modulator.  The  action  of  this  machine  depends 
upon  the  remarkable  circumstance  that  a  paralyzed  muscle  may  be  made  to  respond 
to  a  galvanic  oscillation  too  slow  to  stimulate  a  normal  muscle.  It  is  thus  possible 
to  obtain  dorsiflexion  of  the  wrist  in  a  case  of  complete  musculospiral  paralysis 
without  corresponding  contraction  of  the  flexor  muscles. 

As  the  nerve  recovers  and  the  faradic  response  returns,  it  is  important  that  full  use 
should  be  made  of  the  more  complete  and  lasting  contraction  which  this  form  of  stimulus 
evokes.  It  may  be  applied  through  pads  similar  to  those  just  mentioned,  or  one  of  these 
may  be  replaced  by  a  small  roller.  In  other  cases  the  limb  is  immersed  in  a  bath,  through 
the  length  of  which  a  faradic  or  sinusoidal  current  flows,  varied  by  some  form  of  inter- 
rupter, sudden  or  gradual. 

The  high  degree  of  skill  required  for  effective  electrical  treatment  is  not  always 
appreciated,  and  we  would  lay  stress  on  the  importance  of  thorough  training  in  those  who 
carry  it  out.  The  actual  operator  must  have  some  knowledge  of  the  action  of  the  various 
currents  used,  of  the  anatomy  of  the  muscles,  and  of  the  movements  produced  by  their 
contraction.  And  her  work  must  be  supervised  by  an  expert  fully  trained  in  all  these 
matters.  The  unskilled  use  of  a  coil  or  a  battery  cannot  be  too  strongly  deprecated.  It 
can  only  cause  disappointment,  and  may  produce  serious  damage. 

Splints. — In  the  intervals  between  treatment,  the  limb  must  be  kept  warm  and  its 
insensitive  portions  protected  from  injury.  Light  splints  must  be  carefully  applied  in 
such  a  manner  that,  whilst  they  keep  paralyzed  muscles  intact  and  prevent  development^ 
of  contractures,  they  interfere  as  little  as  possible  with  the  use  of  the  limb.  We  consider 
however,  that  the  statements  which  have  been  made  as  to  the  dangers  of  stretching  a 
paralyzed  muscle  have  been  greatly  exaggerated.  It  is  certainly  essential  that  the 
muscles  should  be  kept  relaxed  during  the  greater  part  of  the  day  and  night.  When, 
however,  the  splints  are  removed  by  the  masseuse,  it  is  our  custom  to  flex  and  extend  the 
joints  over  their  full  range  of  movement,  and  we  have  never  seen  ill  results  follow.  We 
should  like  to  enter  a  word  of  warning  against  the  grotesque  positions  into  which  limbs 
are  sometimes  forced  on  the  plea  of  obtaining  more  complete  muscular  relaxation.  The 
limb  should  be  held  in  an  easy  and  natural  position  and  one  which  will  ultimately  be  of 
use  to  the  patient.  In  the  case,  for  example,  of  a  musculospiral  paralysis,  far  better 
results  will  be  obtained  by  using  a  small  cock-up  splint  in  the  palm,  and  allowing  the 
fingers  to  flex,  than  by  maintaining  these  in  an  extended  position. 
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INDICATIONS    FOR    OPERATION. 

The  indications  for  operation  do  not  depend  on  the  results  of  any  one  examination, 
but  upon  the  close  consideration  of  the  progress  of  the  case.  It  is  therefore  our  custom 
to  see  every  case  at  the  earliest  opportunity,  and  to  make  exhaustive  notes  of  the 
condition  found,  although  from  the  nature  of  the  wounds  it  may  be  ob\nous  that  an 
operation  cannot  be  contemplated  for  several  months.  The  case  is  seen  every  month, 
and  any  changes  are  noted  on  charts.  The  question  of  operation  is  not  considered  until 
the  wounds  have  been  soundly  healed  for  two  months,  when  such  a  mass  of  information 
has  been  collected  that  a  decision  is  no  longer  difficult.  If  the  nerve  shows  signs  of 
active  recovery,  operation  will  be  deferred.  Such  signs  are — a  reduction  in  the  area  of 
anaesthesia,  or  a  quickening  in  the  galvanic  response  of  the  muscles,  especially  a  shorten- 
ing of  their  period  of  relaxation.  If,  however,  there  is  little  or  no  recovery,  it  is  far  better 
to  explore  and  to  discover  the  actual  condition  of  the  nerve  than  to  waste  further  time 
in  waiting.  But  before  undertaking  an  exploration,  the  surgeon  should  have  a  very  clear 
idea  as  to  whether  resection  of  the  nerve  will  be  required,  or  whether  freeing  it  from  scar 
tissue  will  suffice.  The  most  difficult  cases  of  all  to  deal  with  are  those  in  which  a 
portion  only  of  the  nerve  is  totally  destroyed.  In  these  the  most  careful  record  must  be 
made  of  the  voluntary  movements  present,  and  the  operation  must  be  performed  under 
control  of  repeated  electrical  stimulation  of  the  nerve,  as  only  in  this  way  is  it 
possible  to  discover  and  preserve  the  uninjured  fibres.  We  are  strongly  in  favour  of 
exploring  all  doubtful  cases  ;  in  looking  through  our  records  we  much  regret  that  we 
did  not  always  take  this  course.  It  is  one  thing  to  suggest  exploration  to  a  patient  soon 
after  an  injury,  and  quite  another  to  advise  it  after  six  months  of  abortive  treatment. 

CONDITIONS    FOUND. 

As  regards  the  conditions  found  at  operation,  it  is  jMJssible  to  lay  down  one  general 
premiss  —the  injury  to  the  nerve  is~always  much  more  considerable  than  might  have  been 
expected  from  the  clinical  signs.  The  fact  is  that  the  nerves  contain  a  great  excess  of 
fibres  above  those  actually  required,  and  a  third  of  the  cross-section  must  in  general  be 
destroyed  before  any  permanent  disability  will  result.  The  portion  of  the  nerve  which 
is  injured  is  very  ob\ious,  its  natural  soft  and  striated  structure  being  replaced  by  a 
dense  knot  of  fibrous  tissue.  In  some  cases  this  will  occupy  the  whole  of  the  nerve ; 
in  others  only  a  portion  of  its  structure  is  destroyed,  the  remaining  fibres  passing  down 
as  a  more  or  less  uninjured  band.  In  such  cases  we  test  the  electrical  conductivity  of 
the  ner\-e  by  bipolar  stimulation  with  the  faradic  current  above  and  below  the  point 
of  injun.'.  Owing  to  a  partial  block  at  the  site  of  injur\-  stimulation  above  will  almost 
always  require  a  more  jwwerful  current  than  stimulation  below,  and  the  strength  of  the 
current  required  gives  some  indication  of  the  condition  of  the  fibres  concerned. 

In  other  cases  so  much  of  the  nerve  will  have  been  destroyed  that  no  continuity 
exists,  there  being  a  gap  of  several  inches  between  the  last  discoverable  portions  of  the 
nerve,  which,  in  such  a  case,  will  usually  terminate  in  end-bulbs.  Sometimes  one  end  of 
the  nerve  will  be  found  embedded  in  bone  by  the  projectile  which  caused  the  injury.  In 
one  of  our  cases  this  last  condition  gave  rise  to  a  sciatic  causalgia  so  severe  that  the  ners'e 
had  to  be  divided  in  the  open  wound. 

In  other  cases  the  nerve  can  be  shelled  out  from  dense  fibrous  tissue,  in  which  it 
is  apparently  being  strangled.  In  some  of  these  the  nerve,  when  freed,  may  present 
no  abnormality  in  appearance  or  consistence,  beyond  a  slight  constriction,  the  injury 
apparently  being  entirely  limited  to  the  perineural  structures.  In  general,  however, 
there  will  be  some  degree  of  fibrosis  in  the  ner\-e  itself.  The  slighter  degrees  of  injury 
are  those  most  frequently  associated  with  pain,  which  would  seem  to  be  due  to  a 
definite  neuritis  rather  than  to  the  actual  trauma,  for  the  ner\-e  is  often  found  to  be 
swollen  and  indurated  for  some  distance  above  the  point  of  injur\'. 

In  testing  these  nerves  electrically,  we  use  two  small  metallic  points,  placed  at  a 
VOL.  VI.— NO.  22.  20 
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distance  of  about  four  niiliinietres,  and  connected  with  a  weak  faradic  source.  We  are 
in  the  habit  of  jjauging  the  strength  of  the  current  by  applying  these  electrodes  to  the 
neighbouring  muscle,  and  we  would  call  attention  to  the  fact  that  a  nuiscle  whose  nerve 
is  already  divided  responds  to  such  stimulation  with  the  slow  contraction  typical  of  the 
reaction  of  degeneration.  It  is  therefore  an  error  to  state  without  qualification  that  a 
paralyzed  muscle  cannot  respond  to  faradic  stimulation. 

INDICATIONS    FOR    RESECTION. 

If  the  continuity  of  a  nerve  is  found  to  be  completely  destroyed,  either  absolutely 
or  by  a  fibrous  knot,  it  is  of  course  obvious  that  recovery  can  onlj'  be  obtained  by 
resection  of  fibrous  portions  and  direct  suture  of  the  uninjured  trunks.  If  any  fibres  of 
the  nerve  remain  which  have  escaped  injury  and  can  be  dissected  from  the  injured  part, 
these  should  be  most  carefully  preserved,  provided  that  this  can  be  done  without 
prejudice  to  the  suture  of  the  remaining  portion.  We  are  convinced,  however,  that  it 
is  a  mistake  to  spend  too  much  time  in  saving  a  few  fibres  of  doubtful  utility.  Clean 
resection  of  a  whole  nerve  can  be  carried  out  with  much  greater  precision  than  is  possible 
when  a  portion  of  the  nerve  is  left. 

The  most  difficult  cases  in  which  to  reach  a  decision  are  those  which  are  associated 
with  extreme  pain  in  the  nerve  distribution.  The  pain  can  certainly  be  abolished  by 
alcoholic  injections,  but  where  a  part  of  the  nerve  is  destroyed  and  resection  is  essential, 
alcoholic  injections  may  seriously  prejudice  the  ultimate  result.  In  partial  lesions 
associated  with  severe  pain,  where  a  considerable  portion  of  the  nerve  is  definitely 
fibrosed,  we  prefer  complete  resection  of  the  nerve  with  end-to-end  suture. 

There  is  no  detail  in  the  surgery  of  nerve  injuries  which  calls  for  more  experience  or 
where  a  careful  judgement  is  more  essential.  Our  experience  so  far  favours  complete 
resection  with  end-to-end  suture  in  all  cases  where  there  is  not  some  very  obvious  reason 
for  taking  another  course.     ' 

OPERATIVE   TECHNIQUE. 

To  a  surgeon  who  proposes  to  operate  upon  the  peripheral  nerves,  accurate  know- 
ledge of  their  anatomy  is  essential,  and  it  is  difficult  to  see  how  the  intimate  knowledge 
required  can  be  obtained  except  by  spending  some  time  as  a  demonstrator  in  the  dissect- 
ing room. 

The  difficulties  of  identifying  the  two  ends  of  a  divided  nerve,  in  a  limb  where  all  the 
ordinary  landmarks  have  been  destroyed,  can  scarcely  be  exaggerated.  One  has  to  rely 
for  their  discovery  on  minute  details,  or  else  to  make  dissections  which  are  mutilating  in 
their  extent.  Unfortunately  this  is  far  from  being  universally  recognized,  and  it  is  no  un- 
common thing  for  a  man  whose  anatomical  studies  ended  with  his  student  days  to 
attempt  a  complete  dissection  of  a  brachial  plexus  from  a  fibrous  scar,  a  feat  of  which  any 
anatomist  might  well  be  proud.  It  is  surely  most  unfair  to  a  patient  that  any  surgeon 
should  undertake  such  a  critical  operation  as  the  suture  of  a  nerve  without  equipping 
himself  by  every  means  in  his  power  to  meet  the  difficulties  he  may  encounter. 

Exposure. — An  incision  is  made  in  the  course  of  the  affected  nerve  of  such  dimen- 
sions that  the  peripheral  and  distal  portions  of  the  nerve  can  be  readily  found  in 
approximately  normal  tissue.  This  is  far  better  than  to  attempt  first  to  discover  the 
nerve  in  the  actual  scar  tissue,  where  it  may  quite  well  have  ceased  to  exist.  The  ends 
exposed,  these  are  carefully  followed  into  the  scar,  and  the  whole  nerve  or  its  divided  ends 
are  then  isolated. 

In  exposing  the  nerve,  as  little  damage  to  surrounding  structures  should  be  done  as 
is  practicable  ;  but  it  must  always  be  remembered  that  the  recovery  of  the  nerve  is  the 
aim  of  the  operation,  and  that  very  heavy  sacrifices  may  be  desirable  if  this  object  is 
obtained.  The  complete  division  of  a  large  muscle  such  as  the  gluteus  maximus,  or  the 
resection  of  several  inches  of  the  humerus,  would  in  general  be  bad  surgery  ;  in  the 
surgery   of  nerves   such   proceedings   may   be   es.sential.     It   is   impossible   to   reach   the 
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sciatic  nerve  in  the  neighbourhood  of  the  pelvis  without  dividing  the  gluteus  maximus  ; 
and  although  it  may  be  sometimes  possible  to  turn  down  a  portion  of  the  muscle,  or 
to  divide  it  in  the  direction  of  its  fibres,  cases  will  occur  where  the  only  satisfactory 
course  is  to  divide  it  transversely. 

Testing  Conduction. — The  nerve  satisfactorily  exposed,  it  is  necessarj-  to  decide,  if 
it  is  not  already  divided,  upon  the  advisability  of  a  resection.  To  a  large  extent  the 
decision  will  have  already  been  made,  and  will  dep>end  upon  the  pre\ious  course  of  the 
case.  In  all  cases,  however,  we  test  the  conductivity  of  a  continuous  nerve  to  faradism, 
both  above  and  below  the  point  of  injury.  If  conduction  through  the  injured  portion 
is  not  seriously  impaired,  and  if  the  degree  of  fibrosis  of  that  portion  is  not  extreme, 
it  is  better  to  be  content  with  having  freed  the  nerve,  dissected  it  free  from  all 
fibrous  tissue,  and  formed  for  it  a  protective  bed  of  fat  or  muscle.  If  conductivity 
is  poor,  and  fibrosis  is  extreme,  resection  of  the  damaged  part  is  in  general  to  be 
preferred 

Resection. — .\  question  of  great  importance  now  arises — the  extent  of  resection 
which  is  possible,  or  advisable,  if  end-to-end  suture  is  to  be  performed.  We  can  here  lay 
down  two  propositions  which  cannot  be  disputed.  First,  that  unless  so  much  of  the 
nerve  is  resected  that  healthy  fibres  are  exposed,  the  operation  will  be  nugatory. 
Second,  that  the  results  of  end-to-end  suture  far  surpass  those  of  any  other  method  at 
present  known.  We  therefore  decide  first  upon  the  length  of  nerve  which  will 
probably  have  to  be  removed  before  healthy  fibres  are  reached  ;  and  then  trj^  to  devise 
some  means  for  bringing  the  nerve  ends  together.  If  the  nerve  be  widely  freed 
above  and  below,  it  is  remarkable  how  much  can  be  removed  without  producing 
undue  tension  after  suture,  provided  the  position  of  the  limb  is  carefully  arranged. 
Thus,  we  have  resected  nearly  three  inches  of  the  ulnar  nerve,  and  obtained  a  direct 
suture  by  flexing  the  wrist,  extending  the  elbow,  and  adducting  the  arm  close  to  the  side. 
We  prefer  this  method  in  most  cases  to  the  more  drastic  one  of  dislocation  in  front  of  the 
condyle.  In  the  latter  the  branch  to  the  flexor  carpi  ulnaris  is  very  liable  to  injurj'.  For 
the  median,  flexion  of  the  wrist  and  elbow,  and  adduction  of  the  arm,  will  allow  of  the 
resection  of  at  least  two  inches.  In  the  case  of  the  sciatic,  it  is  actually  possible  to  resect 
five  inches,  if  the  nerve  is  widely  freed,  the  knee  flexed,  and  the  hip  hyperextended. 
In  the  arm,  if  these  limits  are  exceeded,  we  have  not  the  slightest  compunction  in 
resecting  as  much  as  may  be  necessar\'  of  the  humerus. 

We  would  lay  verj'  great  stress  upon  the  superiority  of  end-to-end  suture  over  all  other 
methods  in  dealing  with  a  dixided  nerve.  In  ver>-  rare  cases  anastomosis  to  another 
nerve  may  be  justifiable,  but  in  the  present  state  of  nerve  surgerj-  it  should  only  be  done 
with  the  clear  understanding  that  an  experiment  is  being  performed.  Flap  operations 
are  occasionally  successful.  As  to  grafts,  in  spite  of  the  prominence  which  is  given  to 
them  in  text-books,  we  know  of  few  cases — the  records  of  which  will  stand  investigation — in 
which  a  successful  result  has  been  obtained.  Doubtless  a  successful  technique  will  one 
day  be  discovered;  at  present  it  does  not  exist.  From  cases  which  we  have  observed,  we 
think  it  possible  that  the  nerve  fibres  grow  into  the  graft,  but  meet  with  a  hopeless 
barrier  at  its  lower  end.  If  this  is  so,  a  secondary-  resection  at  the  lower  end  of  the  graft 
might  prove  successful ;  we  have  not  had,  so  far,  the  opportunity  of  carrying  this 
out.  It  is  a  question  which  might  well  be  the  subject  of  a  series  of  animal  experiments. 
At  present  we  strongly  hold  that  direct  suture  should  be  carried  out  at  any  cost  in  every 
case,  or  that  the  operation  should  be  abandoned  in  favour  of  tendon  transplantation  or 
some  other  method  of  restoring  function. 

Suture. — The  actual  suture  of  a  di\ided  nerve  is  a  simple  matter,  but  it  demands  an 
accurate  technique.  It  is  essential  that  the  nerve  should  be  handled  as  little  as  possible, 
and  that  the  cut  ends  should  not  be  handled  at  all.  The  nerve  being  held  by  its  fibrous 
portion,  a  suture  of  ordinary  fine  catgut  is  passed  transversely  through  its  substance  a 
short  distance  above  the  ultimate  point  of  section.  The  same  suture  is  similarly  passed 
through  the  nerve  below  the  point  of  injury.  With  a  Gillette  blade,  or  a  ver>'  sharp 
scalpel,  the  nerve  is  now  di\ided  as  near  to  the  point  of  injurj'  as  healthy  fibres  can  be 
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expected.  The  end  is  then  examined,  and  if  the  nerve  bundles  do  not  appear  sullieicntiy 
normal,  a  further  shee  is  removed,  the  nerve  beinjr  always  held  by  the  part  to  be  cut  off. 
The  suture  is  now  draw^n  tifjht,  so  as  to  brinjf  the  cut  ends  into  direct  apposition.  If 
considerable  tension  is  anticipated,  a  second  suture  is  passed  at  right  angles  to  the  first. 
In  order  to  obtain  apposition,  the  limb  must  of  course  be  brought  to  that  jjosition 
in  which  the  nerve  is  as  slack  as  possible.  With  the  finest  obtainable  catgut  and  very  fine 
curved  needles,  separate  sutures  are  now  inserted  to  bring  together  the  sheath  of  the 
nerve.  As  regards  the  depth  to  which  these  sutures  should  pass,  we  regard  it  as  of  more 
importance  that  they  should  have  a  secure  hold  than  that  they  should  be  limited  to  the 
nerve  sheath  itself,  which  is  sometimes  far  too  delicate  for  security.  From  four  to  ten 
of  these  sutures  may  be  inserted,  according  to  the  dimensions  of  the  nerve. 

It  is  of  importance  that  the  true  relative  positions  of  the  proximal  and  distal 
portions  should  be  preserved  without  rotation.  In  most  cases,  however,  where  the  nerve 
has  been  totally  divided  by  the  injury,  this  will  be  largely  a  matter  of  surmise  ;  but  in  a 
composite  nerve  like  the  sciatic,  it  can  always  be  obtained  with  a  considerable  approach 
to  accuracy. 

The  Protection  of  the  Suture  Line. — This  is  a  matter  about  which  there  is  much 
difference  of  opinion.  We  ourselves  always  make  use  of  pedunculated  flaps  of  fat,  or  of 
the  protection  of  adjacent  muscles.  By  dexterous  suturing,  with  perhaps  a  small 
longitudinal  incision  into  an  adjacent  muscle  belly,  it  is  usually  quite  easy  to  remove  a 
suture  line  from  the  area  of  scar  ;  and  this  is  the  method  which  we  prefer.  If  this  is 
impossible,  there  is- usually  no  difficulty  in  turning  a  small  flap  of  subcutaneous  fat  to 
form  a  sheath  for  the  nerve.  It  is  worthy  of  note  that  in  several  cases  where  we  have 
used  fat  flaps  for  this  and  other  purposes,  and  where  we  have  had  the  opportunity  of 
mspecting  them  at  a  later  date,  they  have  been  found  after  a  year  or  more  to  be  intact 
and  to  form  a  permanent  living  protection.  We  have  also  exploved  old  nerve  sutures 
protected  with  Cargile  membrane,  and  found  this  lying  in  the  tissuea  as  a  loose  foreign 
body  ;    for  that  reason  we  feel  diffident  as  to  its  suitability  for  the  purpose. 

The  muscles  and  fascia  are  then  replaced  and  repaired  with  catgut  sutures  as  care- 
fully as  possible,  and  the  wound  is  closed  without  drainage,  except  in  the  case  of  large 
buttock  wounds,  where  a  tube  is  left  in  the  upper  part  of  the  incision,  and  passing-fhrough 
the  gluteus  maxinuis,  for  twenty-four  hours. 

Relaxation  of  Tension. — The  limb  is  now  fixed  by  bandages  or  splints  in  such  a 
position  as  to  insure  relaxation  of  the  nerve.  We  rely  chiefly  upon  bandages,  as  being 
more  comfortable  ;  but  an  anterior  splint  may  be  necessary  to  keep  the  elbow  extended 
in  the  case  of  an  ulnar  nerve.  In  the  leg,  the  most  effective  method  is  to  tie  the  foot  tO' 
a  waist-band  by  a  loop  of  bandage  drawn  as  tight  as  may  be  necessary  ;  in  this  way 
slight  movements  of  the  hip  and  knee  are  allowed  in  opposite  directions,  which  greatly 
relieve  the  strain  of  the  position  without  interfering  with  the  relaxation  of  the  nerve. 
Usually  at  the  end  of  a  week,  and  in  difficult  cases  after  ten  days,  all  restraints  are 
removed,  and  the  patient  is  allowed  to  move  his  limb  as  he  may  wish.  W^e  find  that  this 
is  a  perfectly  safe  plan,  for  the  stiffness  resulting  from  the  fixation  will  prevent  him  from 
undertaking  any  but  the  most  cautious  movements,  whilst  the  strength  of  the  suture  line 
will  be  quite  sufficient  to  withstand  any  voluntary  stress  to  which  he  is  likely  to  subject 
it.  By  the  end  of  another  week  or  fortnight  the  nerve  itself  will  have  stretched 
sufficiently  to  allow  of  full  movements  of  the  limb.  We  regard  prolonged  fixation  as 
quite  unnecessary,  and  very  inimical  to  the  recovery  of  the  limb. 

RECOVERY. 

An  injury  to  a  peripheral  nerve  may  be  sufficient  to  destroy  the  vitality  of  the  axon 
cylinders  beyond  its  site,  or  it  may  only  be  sufficient  to  inhibit  temporarily  their  con- 
ducting power.  In  the  one  case  the  whole  of  the  distal  portion  of  the  nerve  will  die,  and 
recovery  can  only  occur  by  the  complete  Wallerian  cycle.  In  the  other,  a  simple 
recovery  of  function  is  all  that  is  required.  These  two  methods  of  recovery  are  sharply 
differentiated,  and  proceed  on  entirely  different  lines  ;    but  it  is  always  possible  that  an 
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injury,  though  insufficient  to  destroy  the  \itality  of  a  nerve,  may  be  sufficient  to  per- 
manently prohibit  a  return  of  function,  owing  to  the  extent  of  the  local  degenerative 
changes  which  occur  in  the  nerve  and  surrounding  structures.  In  such  a  case  it  may  be 
necessary  to  resect  the  damaged  portion,  in  spite  of  the  fact  that  a  partial  lesion  is  thus 
converted  into  a  complete  one. 

In  civil  practice,  nerves  are  frequently  sutured  in  clean  wounds  a  few  hours  after 
injury,  before  degeneration  has  had  time  to  occur  in  the  peripheral  portion  of  the  nerve. 
In  military  practice  this  does  not  occur,  and  it  may  be  taken  that  the  peripheral  portion 
of  the  nerve  has  passed  through  the  complete  process  of  Wallerian  degeneration  before 
suture  is  attempted.  This  is  in  itself  a  very  striking  difference,  and  is  sufficient  to 
account  for  many  of  the  discrepancies  in  observations  made  on  civil  and  military  cases. 

Sensory  Fibres. — The  proceas  of  recovery  after  complete  degeneration  will  be  the 
same  whether  the  recovery  occurs  spontaneously  or  after  resection  and  suture.  The 
axon  cylinders  will  grow  downwards  from  above  into  the  degenerated  peripheral  sheaths, 
and  the  extent  of  their  recovery  may  be  traced  by  a  sign  of  which  we  have  made  use 
from  the  earliest  stages  of  our  work,  but  which  was  first  described  by  Tinel.  Gentle 
tapping  over  the  course  of  the  nerve  at  a  point  to  which  recovery-  has  reached  produces 
a  tingling  sensation  in  its  normal  distribution.  We  have  noticed  an  interesting  and 
peculiar  example  of  this  sign  in  cases  where  we  have  anastomosed  the  peripheral  end  of 
an  injured  musculospiral  nerve  into  the  median  :  tapping  on  the  back  of  the  forearm 
produces  tingling  in  the  centre  of  the  palm.  As  the  axon  cylinders  grow  down- 
wards, both  epicritic  and  protopathic  forms  of  sensation  have  in  our  cases  generally 
returned  simultaneously.  It  is  more  common  in  civil  practice  for  the  protopathic  sense 
to  return  at  an  earlier  date.  Once  recovery  has  begun,  the  anaesthetic  area  rapidly  con- 
tracts and  disappears,  though  in  the  case  of  an  ulnar  injury  it  is  remarkable  how  slowly 
the  little  finger  recovers.  We  are  speaking  of  the  crude  tests  with  brush  and  pin  to 
which  we  have  already  referred.  Compass  sensation,  and  those  finer  forms  of  tactile 
appreciation  which  are  essential  to  the  full  utility  of  a  limb,  are  slow  in  their  return. 
Many  of  these  avenues  of  sense  depend  upon  complex  cerebral  connections  for  their  per- 
fection, and  it  is  to  that  region  rather  than  to  the  peripheral  nervous  mechanism  that  we 
must  look  for  their  recovery. 

Motor  Fibres. — On  the  motor  side,  the  first  evidence  of  recovery  that  we  have 
observed  is  a  shortening  of  the  period  of  relaxation  after  galvanic  stimulation.  This  is 
followed  by  a  quickening  of  contraction  to  the  same  stimulus.  In  our  own  observations, 
voluntary  power  returns  in  general  before  any  response  to  faradism  can  be  obtained.  On 
this  point  we  are  at  variance  with  other  observers  ;  but  it  is  a  question  in  which  the 
personal  equation  of  the  observer  must  always  prove  a  large  factor.  It  is  obvious  that 
an  observer  who  depends  more  upon  mental  suggestion  will  obtain  different  results  from 
one  who  relies  rather  upon  the  strength  of  his  batteries.  It  is  at  any  rate  certain  that 
faradic  response  and  voluntary  power  return  almost  simultaneously.  But  though  these 
are  the  views  we  hold,  we  would  sound  one  note  of  warning.  There  is  nothing  in  which 
one  is  so  likely  to  be  deceived  as  in  the  recover^'  of  the  voluntary  power  to  perform 
a  given  movement.  It  is  probable  that  for  months  the  enthusiastic  masseuse  has  been 
endeavouring  to  get  the  patient  to  perform  the  movements  typical  of  recovery  ;  and  the 
ingenuity  which  he  will  display  in  carrying  out  her  wishes  is  remarkable.  To  many  of 
these  false  movements  we  have  already  referred ;  but  in  addition  to  these,  there  is  a 
large  group  dependent  upon  slight  contractures.  Thus,  in  paralysis  of  the  musculospiral, 
where  the  hand  has  been  kept  dorsiflexed  in  irreproachable  position,  the  extensor  muscles 
tend  to  become  slightly  shortened,  and  the  flexion  of  the  wrist  will  now  produce  a  very 
fair  imitation  of  a  true  extension  of  the  fingers.  Similarly,  a  shortening  of  paralyzed 
flexors  may  enable  the  patient  to  flex  his  fingers  by  extending  the  wrist.  Unusual  con- 
nections of  the  tendons  are  another  source  of  error  ;  we  at  present  have  a  patient  with 
musculospiral  paralysis  who  can  extend  the  terminal  joint  of  his  thumb  by  means  of 
the  abductor  brevis  poUicis,  that  muscle  having,  in  his  case,  its  unusual  insertion  into 
the  dorsal  expansion  of  the  thumb. 
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FUNCTIONAL  RESULTS  OF  NERVE  SUTURE. 

Rceovcr\'  of  function  in  a  nerve  is  an  extremely  complex  process,  and  is  by  no  means 
summed  up  as  the  down-jjrowth  of  axon  cylinders.  It  is  true  that  until  tliis  has  taken 
place  no  recovery  of  fimction  is  possible ;  but  this  recovery  involves  a  re-education  of  the 
whole  neuromuscular  mechanism,  of  which  this  forms  only  a  link.  The  actual  histological 
recovery  of  the  nerve  will  depend  upon  such  factors  as  the  time  which  has  elapsed  since 
injury,  and  the  youth  of  the  patient  ;  but  the  recovery  of  function  will  depend  upon 
the  patient's  energy,  upon  his  mental  alertness,  and  upon  the  skill  with  which  his 
personal  efforts  are  directed  along  proper  channels.  The  prognosis  of  nerve  suture  is 
therefore  a  matter  of  great  complexity,  and  the  term  'recovery'  is  so  relative  as  almost 
to  cease  to  have  a  meaning.  It  is  easy  to  define  the  'clinical'  course  of  a  case,  to  follow 
the  return  of  'pin  and  brush,'  and  to  obtain  from  the  patient  a  certificate  of  'recovery,' 
if  this  is  all  he  requires.  I  have  myself  seen  several  cases  in  which  the  ulnar  nerve  was 
completely  divided  without  causing  any  remark  on  the  part  of  either  the  patient  or  his 
medical  adviser.  It  is  still  more  remarkable  that  in  one  of  these  cases  the  patient  con- 
sidered that  he  had  a  perfectly  normal  hand  until,  a  year  later,  his  attention  was  called 
to  his  condition  ;    the  hand  immediately  became  perfectly  useless. 

Individual  Nerves. — The  prognosis  will  depend  upon  the  complexity  of  the  nerve 
itself  and  of  the  functions  which  it  is  expected  to  perform. 

Musculospiral. — Suture  of  the  musculospiral  nerve  gives  results  only  exceeded  by 
those  of  its  branch,  the  posterior  interosseous.  It  contains  few  sensory  fibres,  and  those 
of  little  importance  ;  and  its  function  is  the  simple  one  of  extension  of  the  elbow,  hand, 
and  fingers.  Most  of  its  motor  fibres  will  therefore  reach  their  proper  destinations,  and 
will  not  be  lost  in  sensory  nerve  endings.  In  a  simple  case  of  suture  of  this  nerve, 
recovery,  complete  in  every  sense,  is  usually  rapid  and  certain. 

Ulnar. — The  ulnar  nerve,  on  the  other  hand,  is  a  mixed  nerve  with  an  important 
sensory  supply,  whilst  the  muscles  which  it  controls  carry  out  the  fine  and  complex  move- 
ments of  the  hand.  The  chances  of  motor  and  sensory  fibres  reaching  motor  and  sensory 
endings  are  far  smaller  than  in  the  case  of  the  musculospiral,  whilst  the  recovery  of  the 
fine  movements  of  the  hand  involves  an  amount  of  re-education  which  can  rarely  be 
obtained.  Recovery  of  the  ulnar  nerve  is  therefore  a  slow  and  uncertain  process.  But 
it  must  be  remembered  that  the  number  of  people  who  make  any  separate  use  of  their 
fingers  is  extremely  small,  and  that  except  to  these  people  an  ulnar  nerve  is  a  luxury 
rather  than  a  necessity.  To  the  majority  the  loss  of  the  ulnar  nerve  is  a  matter  of  no 
importance.  To  the  watch-maker,  the  artist,  the  musician,  it  is  probably  an  injury 
beyond  repair. 

Median. — Somewhere  mid-way  between  these  two  nerves  lies  the  median.  Like  the 
ulnar,  it  is  a  mixed  nerve,  and  its  fibres  may  miss  their  proper  goal  ;  it  is,  however, 
enormously  'overwired,'  for  above  the  elbow  one-third  of  its  fibres  may  be  divided  with- 
out any  discoverable  loss  of  function ;  whilst  on  the  motor  side  it  controls  chiefly  the 
large  and  entire  movements  of  the  hand.  The  prognosis  of  its  suture  has,  in  our  cases,  ^ 
been  fairly  good,  though  it  will  be  long  before  the  finer  forms  of  sensation  return. 

Sciatic. — In  the  leg  we  have  found  the  prognosis  very  much  better  than  we  at  one 
time  thought  it  likely  to  be.  The  down-growth  of  the  sciatic  fibres  has  been  much  more 
rapid  than  could  have  been  reasonably  expected  when  one  considers  the  distance  over 
which  they  have  to  pass.  In  complete  sutures  at  the  middle  of  the  thigh  we  have  seen 
motor  recovery  begin  within  four  months,  and  reach  a  very  fair  degree  of  power  within 
the  year.  Its  sensory  fibres  appear  to  be  much  slower  in  regenerating  ;  but  we  regard 
sutures  of  the  sciatic,  even  after  resections  of  great  extent,  with  considerable  confidence. 

A  remarkable  feature  is  the  very  perfect  function  of  the  leg  in  complete  lesions  of 
the  sciatic  nerve  when  the  inevitable  drop-foot  is  relieved  by  some  simple  spring  device. 
Our  patients  appear  to  walk  with  perfect  freedom  and  little  fatigue,  their  chief  trouble 
being  the  risk  of  injury  to  an  insensitive  foot. 
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ALTERNATIVE    METHODS. 

However  perfect  the  technique  of  nerve  suture  may  become,  there  will  always  be  a 
residuum  of  cases  of  nerve  injury  to  which  it  is  not  applicable,  or  in  which  for  some  reason 
recovery  is  not  to  be  expected.  In  such  cases  we  must  fall  back  upon  other  methods, 
and  it  will  be  well  to  glance  at  the  alternatives  which  are  at  our  disposal. 

Lower  Limb. — In  paralysis  involving  the  lower  limb  it  is  almost  always  possible  to 
compensate  by  some  orthopjedic  appliance  for  the  movements  which  are  lost,  for  those 
involved  are  crude,  and  stability  is  of  much  greater  importance  than  refinement  of 
action.  A  boot  with  side-irons  and  an  uplifting  toe-spring  provides  an  almost  perfect 
substitute  for  the  extensors  of  the  foot,  and  even  in  the  case  of  a  completely  di\ided 
sciatic  nerve  this  simple  appliance  will  enable  a  man  to  walk  with  little  fatigue.  Even 
in  cases  where  the  nerve  has  been  sutured,  it  is  almost  always  worth  while  to  provide  the 
man  with  such  an  instrument,  that  he  may  obtain  proper  exercise  and  maintain  the 
nutrition  of  the  limb  during  the  period  of  recover\-.  Where  the  paralysis  is  likely  to  be 
permanent,  it  is  worth  while  considering  some  internal  method  of  support,  such  as 
tendon  transplantation,  or  the  introduction  of  artificial  ligaments.  The  former  is  only 
applicable  in  cases  where  at  least  some  of  the  muscles  have  escaped,  but  in  injuries  to  the 
external  popliteal  nerve  it  may  give  brilliant  results.  In  such  a  case  the  tendons  of  the 
tibialis  posticus  and  flexor  longus  hallucis  may  be  transferred  to  replace  the  paralyzed 
extensor  muscles.  In  complete  paralysis  of  the  sciatic,  Lange  has  furnished  us  with  a 
very  simple  and  effective  method  of  supporting  the  foot  by  means  of  artificial  ligaments 
of  silk  saturated  with  perchloride  of  mercury.  We  prefer  the  following  modification  of 
Lange's  original  formula.  The  silk  is  prepared  by  boiling  in  perchloride  of  mercury 
(1-1000),  transferring  to  an  alcoholic  solution  of  perchloride  (1-1000),  and  finally  pre- 
serving in  parolein.  The  silk,  which  should  be  a  thick  floss,  must  be  passed  actually 
through  the  bones  which  it  is  desired  to  approximate.  Special  holes  are  drilled  for  this 
purpose,  and  four  or  more  strands  of  silk  are  used.  Silk,  so  prepared,  does  not  tend  to 
cause  suppuration,  and  in  a  few  months  it  becomes  converted  into  an  inextensible  struc- 
ture indistinguishable  from  tendon. 

Upper  Limb. — In  the  case  of  the  arm  the  problem  is  far  more  difficult,  and  all  that 
can  be  done  is  to  support  the  joints  whose  movements  are  affected  in  such  a  way  that  the 
remaining  muscles  may  act  to  the  best  advantage.  In  the  case  of  a  paralyzed  deltoid, 
the  supra-  and  infraspinatus  may  hypertrophy  to  such  an  extent  that  they  can  abduct  the 
arm  satisfactorily  ;  but  if  this  is  not  the  case,  it  is  better  to  erase  the  shoulder-joint  and 
obtain  a  bony  ankylosis  in  an  abducted  position.  This  is  also  the  best  method  of  dealing 
with  an  irremediable  paralysis  of  the  flexors  or  extensors  of  the  elbow.  This  disability, 
however,  rarely  occurs,  for  as  a  rule  some  portion  of  the  triceps  will  retain  its  power,  and 
even  if  the  biceps  and  brachialis  anticus  are  both  paralyzed  in  a  lesion  of  the  musculo- 
cutaneous nerve,  the  supinator  longus  furnishes  a  very  efficient  flexor  of  the  joint. 
Of  course,  if  a  satisfactory  transplantation  of  tendon  can  be  performed,  the  retention 
of  the  mobility  of  the  joint  is  a  distinct  advantage  ;  but  it  is  a  great  mistake  to  sacrifice 
the  function  of  the  limb  for  the  sake  of  that  of  the  joint  ;  and  as  regards  the  usefulness 
of  the  arm  to  the  patient,  we  certainly  feel  much  greater  confidence  in  the  simpler,  if  less 
ambitious,  method  of  ankylosis. 

In  a  musculospiral  paralysis,  the  patient's  most  serious  disability  is  the  weakness 
of  his  grasp,  owing  to  the  want  of  fixation  of  the  wrist.  This  can  largely  be  remedied  by 
the  application  of  a  small  cock-up  splint  which  only  occupies  the  palm  and  does  not 
interfere  with  the  mobility  of  the  fingers.  We  have  also  devised  a  glove,  in  which  tapes 
represent  the  dorsal  tendons,  whilst  a  powerful  elastic  accumulator,  which  lies  on  the  fore- 
arm and  is  attached  above  the  elbow,  furnishes  the  necessary  extending  force. 

In  the  region  of  the  wTist  the  transference  of  tendons  has  given  excellent  results, 
and  the  extensors  of  the  wrist,  fingers,  and  thumb  may  be  replaced  respectively  by  the 
pronator  radii  teres,  flexor  carpi  ulnaris,  and  flexor  carpi  radialis.  It  is  only  rarely,  how- 
ever, that  such  operations  will  be  required. 
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CONCLUSIONS. 

In  these  brief  notes  we  have  attempted  to  sketch  our  own  experiences  in  one  of  the 
most  complex  and  diflicult  fields  of  surgery,  in  the  hope  that  they  may  be  of  some  slight 
assistance  to  those  who,  like  ourselves,  are  groping  for  the  solution  of  the  many  problems 
it  affords. 

One  lesson  has  been  so  driven  home  to  us,  that,  before  we  conclude,  we  should  like 
to  impress  it  upon  others.  Success  in  nerve  surgery  is  a  matter  of  organization.  The 
investigation  of  the  cases  is  so  complex,  the  operations  involve  such  unusual  details  of 
experience  and  technique,  and  the  after-treatment  required  is  so  tedious  and  varied,  that 
only  by  means  of  an  extensive  organization  can  they  all  be  satisfactorily  carried  out.  The 
highest  operative  skill  is  of  no  use  in  the  face  of  incompetent  physico-therapy,  whilst  the 
most  perfect  physical  treatment  is  powerless  to  remedy  the  mistakes  of  a  clumsy  surgeon. 

We  would  plead  earnestly  for  the  concentration  of  all  nerve  cases  in  centres  where 
they  will  have  at  their  disposal  the  extensive  material  resources,  the  clinical  experience, 
and  the  trained  patience  without  which  their  recovery  is  a  matter  of  chance  ;  and  we 
would  plead  for  routine  and  for  simplicity  in  such  a  centre.  Without  routine,  the 
department  will  rapidly  degenerate  into  chaos  ;  without  simplicity  of  method,  the  routine 
examination  and  treatiuent  of  any  considerable  number  of  cases  become  physically 
impossible. 

Our  own  nerve  cases  are  entered  on  the  lists  of  a  special  department  at  the  earliest 
possible  moment  after  they  enter  the  hospital.  A  careful  examination  is  made  and 
recorded  as  soon  as  the  patient  is  so  far  recovered  as  to  enable  it  to  be  carried  out. 
This  examination  is  repeated  once  a  month,  and  meanwhile  he  is  every  day  under  the 
close  observation  of  the  department  until  he  leaves  the  hospital.  After  that  an  attempt 
is  made  to  keep  in  contact  with  the  man  himself  or  his  medical  adviser.  Only  in  this 
way  is  it  possible  to  keep  the  continuous  records  upon  which  alone  the  man's  treatment 
can  be  scientifically  founded.  Only  thus  can  we  prevent  the  formation  of  contractures, 
which  may  mean  permanent  and  unnecessary  disability.  Only  by  such  close  observation 
can  we  choose  the  psychological  moment  for  operation. 

Hanging  on  the  wall  of  the  department  is  a  large  chart  on  which  is  entered  the 
monthly  examination  of  every  patient.  In  a  journal  is  given  an  exact  account  of  his 
monthly  progress,  sensory,  motor,  and  electrical.  He  is  given  a  card  on  which  are 
entered  the  details  of  his  treatment  for  the  coming  month,  and  on  the  card  is  daily 
recorded  each  treatment  which  he  receives  ;  whilst  his  regular  attendance  for  treatment 
is  encouraged  by  a  system  of  privileges.  Each  examination  is  conducted  in  the  simple 
but  complete  manner  which  we  have  already  described  ;  anything  less  would  be  of  little 
value  ;  anything  more  would  be  exhausting  to  the  patient  and  overwhelming  to  the 
investigator. 

In  operating,  the  surgeon  should  follow  a  simple  and  precise  routine.  He  should 
have  as  clear  and  accurate  a  knowledge  as  is  possible  of  the  anatomy  of  the  region,  and 
of  the  condition  of  the  nerve  which  he  may  expect  to  find.  He  should  have  a  clear  idea 
of  what  he  means  to  do,  and  he  should  do  it  in  the  simplest  manner  possible. 

The  physical  treatment  of  the  case,  before  and  after  operation,  should  be  based  on 
a  definite  routine,  although  it  should  be  directed  to  the  special  requirements  of  the 
r)atient,  and  should  introduce  all  variety  that  is  possible. 

In  short,  the  patient  should  feel  that  he  is  surrounded  by  a  powerful  organization, 
skilfully  directed  to  his  cure  ;  and  it  should  be  the  aim  of  the  surgeon  to  make  that 
organization  so  perfect,  that  a  man  may  be  supported,  through  the  tedium  of  many 
months,  by  the  knowledge  that  his  cure  is  its  inevitable    result. 
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APPEXDIX    A. 
TABLES     OF     NERVES     TREATED. 

In  the  following  tables  the  nerves  which  we  have  treated  are  grouped  under  five 
classes,  as  follows  : — 

1.  Followed  to  complete  recovery.     In  a  niilitarj'  hospital  only  a  few  cases  can  come  under 
this  class. 

2.  Recovering  normally,  and  likely  in  normal  time  to  reach  Class  1.     As   far  as  possible  we 
have  retained  our  cases  until  we  had  positive  evidence  that  they  belonged  to  this  class. 

3.  Recoven,'  doubtful  or  delayed.     It  is  hoped  that  many  of  these  cases  will  recover  ;   but  we 
had  to  part  with  them  before  we  could  be  certain  that  this  would  be  the  case. 

4.  Total  failures,  after  obser\ation  for  at  least  a  year.     We  do  not  expect  these  cases  to  recover. 

5.  Cases  which  we  have  not  been  able  to  follow  up.     In  the  Percentage  Results  this  class  is 
excluded. 

It  is  to  be  noted  that  cases  with  multiple  nerve  lesions  will  appear  in  more  than  one  table. 


CLASS  1.  CUASS  2.  Class  3. 

RETOVEREn        RECXITKRIXG         DaiBTFlL 


Class  4. 
Failcres 


Class  5. 

T'XKXOWX 


Total 


1.  Sutures. 

Ulnar. . 

Median 

Mu.sculospiral 

Posterior  interosseous 

Brachial  plexus 

Sciatic,  internal  popliteal 

Sciatic,  external  popliteal.. 

ilusculocutaneous    . . 

Total  sutures 


12 
7 
3 


32 


13 


19 
11 
5 
3 
3 
8 
11 
1 


61 


2.  Neurolysis 
Ulnar.. 
Median 

Brachial  plexus 
Sciatic,  internal  popliteal  . . 
Sciatic,  external  popliteal .  . 

3 

1 
1 
1 
1 

2 
3 
8 
1 
2 

1 

— 

— 

6 
4 
0 
2 
3 

Total  neurohsis  . . 

7 

IC 

1 

— 

— 

24 

3.  Anastomosis. 
Ulnar . . 
Median 
Musculospiral 

1 

1 
2 

— 

1 

— 

1 
1 
3 

Total  anastomosis 

1 

3 

— 

1 

— 

5 

ToT-AL  Operations 

15 

51 

8 

3 

13 

90 

4.  No  Operation. 

Ulnar . . 

Median 

Musculospiral 

Posterior  interosseous 

Brachial  plexus 

Sciatic,  internal  popliteal  . . 

Sciatic,  external  popliteal.. 

6 
2 
8 
2 

2 

4 

1 
2 
2 

2 
3 
3 

1 
1 

1 

5 
3 
2 

4 
4 

12 
8 

13 
3 
2 
9 

11 

Total  Xo  Operations  . . 

24 

13 

2 

n 

18 

58 

ToT.AL  OF  All  Nerves 

39 

64 

10 

4 

31 

143 
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Percentage  Results  of  Cases  where  Records  are  available. 


Recovered 

Reoovkring 

DOUBTFUL 

Failures 

Total 

Sutures 

14 

G8 

14 

4 

100 

Xeurolvsis 

29 

67 

4 

100 

Anastomosis    . . 

20 

60 



20 

100 

All  Operations 

20 

66 

10 

4 

100 

No  Operations 

60 

33 

5 

2 

100 

All  Nerves 

33 

55 

9 

3 

100 

APPENDIX    B. 

ABSTRACTS     OF     CASE     HISTORIES. 

The  following  abstracts  are  intended  to  furnish,  in  the  briefest  possible  space, 
a  complete  record  of  the  work  upon  which  this  paper  is  founded.  By  examining  them  it 
is  possible  for  anyone  to  ascertain  the  exact  value  which  may  be  attached  to  the  statements 
we  have  made  and  the  opinions  we  have  expressed.  We  trust  that  they  will  at  least  be 
found  to  be  in  accordance  with  the  material  upon  which  we  have  worked,  and  which  we 
here  produce. 

The  cases  were  under  the  charge  of  Captain  L.  E.  C.  Norbury,  R.A.M.C.,  Captain 
A.  Wills,  R.A.M.C.,  Captain  R.  H.  Campbell,  R.A.M.C.,  Captain  C.  H.  L.  Harper,  R.A.M.C, 
Captain  W.  Martin,  R.A.M.C,  and  ourselves.  In  each  case  where  an  operation  was 
performed  the  operator  is  indicated  by  his  initials.  For  all  observations  and  records  we 
must  accept  the  sole  responsibility. 

The  following  abbreviations  have  been  used  : — • 

R  =  Riifht.      L  =  I^ft.      V  V  =  Voluntary  Power.      R  D  =  Reaction  of  D8<.'eneration.      V  =  Faradisni. 
a  =  Galvanism.      P  TI  =  Permanently  Unfit.      SUMMARY  =  Summary  of  pro<,'ras.s  after  operation. 


ULNAR    NERVE  (OPERATED  CASES). 

Case  1, — F'eb.,  1917. — Wound  middle  of  R  forearm.  March. — Wound  healed.  Preshure  upon 
it  causes  tingling  in  little  finger.  V  P  present  in  adductor  of  thumb  and  abductor  of  index,  which 
react  to  F,  but  are  sluggish  to  G.  Other  hand  muscles  of  ulnar  grouj)  have  no  V  P,  and  show  com- 
plete R  D.  Ana'sthesia  to  wool  and  pin  over  distal  segments  of  little  finger.  April. — Hypothcnar 
muscles  show  small  degree  of  V  P.  Wasting  in  third  and  fourth  spaces,  and  clawing  of  little  finger 
recovering.  -^iug.- — All  forms  of  sensation,  except  compass,  present.  Oct. — V  P  in  all  the  ulnar 
group,  which  react  to  F,  sluggish  to  C  Scar  still  tender  to  pressure.  Operation  advised.  Noi'. — 
Opkkation  (W.  M.).  I'lnar  nerve  exposed  in  middle  of  forearm,  and  freed  from  adhesions.  A 
fibrous  nodule,  resulting  from  partial  division,  found  on  its  inner  aspect.  This  was  disscot<  d  (IT. 
without  cutting  deeply  into  nerve,  and  flap  of  fascia  wrapped  round  it.  Jan.,  1918. — V  P  (weak) 
in  all  hand  mu.scles.     Compass  defective  in  little  finger.     No  other  sensory  loss. 

.SiMMARV. — (11  months)  Almost  complete  recovery. 

Case  2. — Jan.,  1916. — Woimd  inner  side  of  R  elbow,  fracture  of  inner  condyle.  ( (  inplc  !<■ 
paralysis  of  ulnar  nerve.  May. — Opkratiox  (H.  S.  S.).  Resection  of  ^  in.  dense  fibrous  scar  in 
nerve.  Direct  suture.  Branch  to  flexor  carpi  ulnaris  not  divided.  July. — V  P  in  flexor  carpi 
ulnaris.  R  D  and  no  V  P  in  other  ulnar  muscles.  April,  1917. — Sensation  recovering.  V  P  in 
adductor  j)ollicis.  May. — No  loss  to  wool,  pin  felt  radiating.  Sept. — Power  recovering  in  all 
small  mu.scles,  and  all  react  to  V.         June,  1918. — Doctor  rejiorts  continued  recovery. 

Su-M-MARY. — (8  months)  Sensation  recovering.  (10)  Power  in  abductor  pollicis.  (10)  Pmver 
in  all  small  muscles,  sensation  almost  normal. 

Case  3. — Oct.,  1916. — Wound  middle  of  R  forearm.  Partial  fracture  ulna.  CInar  paralysis. 
March,  1917. — Wound  healed.  Pressure  causes  pain  in  ulnar  area.  Complete  ulnar  paralysis 
of  hand.  Flexor  tendons  adherent,  contracture  of  wrist.  ./m/i/.— Contracture  reduced  by  splint. 
Complete  wrist-drop,  and  loss  of  all  movements  of  muscles  of  forearm,  except  flexors  of  thumb  and 
index.     All  these  muscles  respond  well  to  F.     Ulnar  hand  muscles  still  show  complete  R  I).         Jan., 
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1918. — Very  slight  power  in  portion  of  hj'pothenars  only.  Slight  protopathic  sensation  in  outer 
ulnar  area.  Total  loss  in  little  finger  and  adjacent  hand.  March. — Operation  (H.  S.  S.). 
Explored.  Xer\-e  found  almost  completely  divided,  though  conducting  F  to  all  muscles  weakly. 
Resection  suture  over  2-in.  gap.  May. — Complete  sensation  in  ring  finger,  probably  overlap. 
Normal  loss  in  remainder  of  ulnar  area. 

Case  4. — July,  1916. — Small  wound  front  of  R  wrist.  Partial  lesion  of  ulnar.  Oct. — Weak- 
ness of  all  interossei.  Fair  power  in  adductors  of  thumb,  slight  numbness  in  ulnar  area.  Opera- 
tion (H.  S.  S.).  Anterior  part  of  nerve  found  divided.  Posterior  part  conducted  F.  Fibrous  part 
excised,  and  nerve  protected  from  scar  by  fat  sleeve. 

Case  5. — July,  1916. — Large,  deep  wound  involving  whole  of  inner  side  of  L  forearm.  Complete 
lesion  of  ulnar.  Oct. — Wound  closed  by  graft.  Complete  ulnar  anaesthesia,  and  paralysis  with 
R  I)  ulnar  hand  muscles.  Claw  hand.  March,  1917. — Operation  (H.  S.  S.).  Ulnar  ner\-e 
exposed  in  forearm,  6  in.  densely  fibrosed  ;  did  not  conduct  to  F.  On  section  no  fibres  visible.  Distal 
end  carried  across  forearm,  between  deep  and  superficial  flexor  tendons,  and  implanted  into  inner 
side  of  median.     Xo  interference  to  conduction  of  F  by  median  resulted.  A/nil,  1917. — V  P  all 

median  muscles.  Sensory  loss.  \'oi: — Xo  evidence  of  recovery.  June,  WIS. — Doctor  reports 
|)ower  and  sensation  returning. 

Summary. — (14  months)  Pmcer  and  sensation  returning. 

Case  6. — Sept.,  1916. — Small  perforating  woimd  L  arm,  just  lielow  axilla.  Oct. — Numbness 
in  ulnar  Iwrder  of  L  hand,  with  some  pain  in  this  region.  V  P  lost  in  ulnar  muscles.  Complete 
loss  to  pin  and  wool  in  ulnar  area.  yoi'.  4. — Pain  shooting  in  character.  Ulnar  sensitive  to 
pressure  at  elbow.  Thrill  and  expansile  pulsation  at  wound  over  brachial.  Operation  (H.  S.  S.). 
.Aneurysmal  varix,  with  well-marked  communicjition  between  vein  and  artery.  Pressure  on  ulnar 
nerve,  which  was  flattened,  thick,  and  fibrous.  Vein  adherent  to  median  and  ulnar  ner\'es.  Fibrous 
tissue  and  recent  blood-clot  around  vessels.  \ov.  7.— Complete  recoverj',  all  forms  of  sensation 
and  V  P  in  3  days.         Dec. —  Discharged  fit  for  duty. 

Summary.— (3  days)  Complete  recovery. 

Case  7. — Feb., \917. — Wound  inner  side  of  L  arm,  just  above  elbow;  fracture  of  humerus.  Ulnar 
paralysis.  April. — Wound  healed.  I'Inar  ana>sthesia.  Pressure  on  ulnar  at  elbow  produces 
radiating  pain  in  fingers.     No  V  P  and  complete  R  D  in  ulnar  muscles.  May. — Operation 

(K.  H.  C).  Almost  complete  anatomical  division  at  bend  of  elbow.  Resection  li  in.  Nerve  dislo- 
cated and  sutured  directly.  .-1m^.- -Doubtful  V  P  in  flexor  carpi  ulnaris.  No  return  of  sensation. 
Transferred  to  Warrington. 

Case  8. — May,  1917. — Perforating  wound  inner  side  middle  of  R  forearm.  Ulnar  paralysis. 
June. — Paralysis,  and  R  D  in  ulnar  hand  muscles.  Fingers  contracted  from  fibrosis  in  wound. 
Aug. — Operation  (W.M.).  Complete  di\ision.  Direct  suture,  from  1-in.  gap.  Sept. — Trans- 
ferred to  Dartford. 

Case  9. — Of/.,  1916. — Large  wound  flexor  surface  R  forearm.  Fractured  ulna.  L'lnar  paralysis. 
Feb.,  1917. — Operation  (R.  H.  C.).  3J  in.  nerve  found  completely  destroyed.  Bridged  by  flap 
method,  junction  buried  in  muscle  fibres.  May. — Pressure  on  neive  2  in.  below  line  of  suture 

causes  tingling  in  ulnar  distribution.  Discharged  P  U.  Sov. — Reports  considerable  recovery  of 
sensation.  No  treatment.  June,  1918.—  Letter  frcm  patient.  States  has  had  no  treatn.ent, 
thinks  there  is  a  little  further  improvement. 

Summary. — (6  months)  Considerable  sensory  recovery. 

Case  10. — July,  1916. — -Large  wound  front  of  R  forearm.  Fractured  ulna  and  destruction  of 
muscles  on  inner  aspect.  Complete  ulnar  paralysis.  3/arcA,  1917. — Paralysis  complete.  Wound 
sound.  Operation  (H.  S.  S.).  Ner\e  found  completely  divided,  and  3i  in.  missing.  Proximal 
end  cut  across  under  biceps,  and  implanted  into  radial.  Distal  end  carried  beneath  superficial 
flexors,  and  implanted  into  radial,  which  was  cut  across  at  both  points.  (Figs.  281,  282.)  April. — 
Sensory  loss  in  ulnar  and  a  large  radial  area.  R  D  all  ulnar  muscles.  Jan.,  1918. — No  sign 
whatever  of  recovery.         June. — Doctor  reports  no  evidence  of  recovery. 

Summary. — (12  months)  A'o  evidence  of  recovery. 

Case  11. — Aug.,  1916. — Wound  across  front  of  R  wrist,  involving  ulnar  nerve.  Oct. — Wound 
healed.  Complete  ulnar  paralysis.  March,  1917. — Operation  (H.  S.  S.).  Ulnar  found  com- 
pletely divided,  two  end  bulbs,  with  1|  in.  gap.  Gap  closed  by  transplant  from  radial,  doubled. 
July. — Sensation  recovering.     No  return  of  V  P.         Aug. — Transferred  to  Warrington. 

Summary. — (4  months)  Commencing  sensory  recovery. 

Case  12. — Sept.,  1916. — Small  wound  inner  side  of  L  upper  arm.  Paralysis  of  ulnar  and  internal 
cutaneous.  Sov. — Operation  (H.  S.  S.).  Ulnar  dissected  out  of  dense  fibrous  tissue.  Fibrous 
swelling.  Internal  cutaneous  completely  divided.  Fibrous  portion  1 J  in.  excised  from  each.  Direct 
suture.  Fat  sleeve.  July,  1917. — Slight  recovery  of  sensation  in  area  of  both  nerves.  V  P 
present  in  flexor  carpi  ulnaris.  Other  muscles  R  D,  and  no  V  P.  Oct. — Function  as  before. 
Ulnar  sensitive  to  pressure  just  below  elbow.  Above,  nerve  thickened  and  insensitive.  Jan., 
1918. — Doubtful  V  P  in  flexor  carpi  ulnaris.  No  other  change.  Nerve  still  sensitive  3  in.  below 
elbow.     April. — Massage  sister  reports  sensation  recovered  to  web  of  fingers,  general  movements  of 
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hand  much  improved.     F  response   in   Hexor  carpi   ulnaris,   (Icxor  ])rofundis  diffitonini,  abductor 
minimi  digiti,  flexor  minimi  dijjiti  ;   none  in  interossei.         June. — Doctor  states  ulnar  recovering. 

Summary.— (12j(mo»//is)  Serve  sensitive  to  pressure  in  forearm.  (18)  Advanced  recovery 
sensori/  and  motor.\ 

Cass  13. — Jitly,  1916. — Wound  L  forearm.  Fractured  ulna.  Complete  paralysis  ulnar  nerve. 
Sov. — Complete  paralysis,  sensory  and  motor.  11  I)  hand  nniscles.  Opkratiox.  Nerve  explored. 
Complete  division  found.  Fibrous  part  excised.  Direct  suture.  Sept.,  1917. — No  recovery  of 
power  or  sensation.      Operatiox  (I..  E.  C.  X.).      Nerve  explored.      Fusiform  thickening  distal  end. 


]&Lcep4 


Jlu.3c.  <Splr«l  Ner  veJL 
tRa^lLRl  Nerve  (cui) 


Supcnalbr  Brevio I. 


■SumnAloi'  Ju> 


QKg, 


Ulitar    Nerve 


LFlcjuir  Gatpt^iadu^lt'^ 


Re^or  GuMCmCs 


Ulrrar  Nerve, 


Ulnar  Nerve 


Fig.  281. — Use  ot  tlie  radial  aj<  a  j.Taft  for  the  ulnar,  without  Ui.--i>UiLxiaent  of  the  former.     {Anatomy)  Case  10. 


No  end  bulb  on  proximal  end,  fibres  of  which  spread  out  in  a  fan,  and  attached  to  tliickcnin};  on 
lower  end.  Resection  of  1 1^  in.  Direct  suture  of  apparently  healthy  ends.  No  conduction  observed 
to  direct  F,  and  no  evidence  of  recovery.  Jan.,  1918. — Tingling  on  pressure  1  in.  above  pisiform. 
April. — .Slight  recovery  small  muscles  of  hand. 

ScMMARV. — After  second  operation  (10  months)  Commencing  recovery  in  small  muscles  of  hand. 

Case  14. — March,  1917. — Wound  L  forearm,  inner  side  near  elbow.  Ulnar  paralysis.  Also 
penetrating  wound  of  R  parietal  region  of  skull,  with  paralysis  of  L  arm,  which  was  recovering  five 
weeks  later.  May. — Complete  ulnar  ana-sthesia,  and  paralysis  of  ulnar  hand  muscles,  with  R  D. 
Sept. — Opkratiox  (R.  H.  C).     Explored.    Complete  division  found  in  upper  forearm,  with  two  end 
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bulbs.  'Ihcse  were  removed,  and  gap  of  2  in.  bridged  by  dislocating  nerve  to  front  of  forearm, 
after  division  of  humeral  head  of  flexor  carpi  ulnaris.  Buried  in  muscle.  A'or. — Slight  V  P  in 
flexor  carpi  ulnaris. 

Case  IS. — July,  1916. — Wound  R  forearm.  Fractured  ulna.  Paralysis.  Stpt. — Ulnar 
anaesthesia.      R  D  ulnar  hand  muscles.  Sov. — Operation-  (H.  S.  S.).     No  conduction.      Resec- 

tion suture.         Aor.,  1917. — Sensation  recovering. 

Summary. — (12  months)  Some  sensory  recovery. 


Musculo  spiral  Nerve, 
^oshtriorlntin-' 

Supinator  Brevi^ 

KjieUal  Nerve 


il^racitiaiis  Amticus 


llUvar  Nerve 


J1«aled  5c<ar 


Radial  N«ve 
■Supinabn-  Ltongas 


FlCTZir  LcKorns  'FoUiO'9 


TUiiicor  iSubKnriA 


ULtUir  Ncr^e 
exor  Carpi  Ha-dlalis 


Flc.  282. — -Use  of  the  radial  as  a  graft  for  the  ulnar,  without  displacement  of  the  former.     (Operation)  Case  10. 


Case  16. — July,  1916. — Wound  inner  side  R  forearm.  Compound  fractured  ulna.  Paralysis- 
ulnar  nerve.  Oct. — Wound  healed  at  middle  of  ulnar  border  of  forearm.  Complete  ulnar  anaes- 
thesia, with  loss  of  power.  R  D  in  hand  muscles.  \ov. — Operation*  (H.  S.  S.).  Xerve  showed 
small  hard  bulb  near  scar.  Stimulation  with  F  above  this  gave  no  response,  but  below  the  bulb 
stimulation  made  hypothenars  contract.  Bulb  resected  ^  in.  Direct  suture.  .\  few  fibres  could 
be  seen  to  traverse  bulb.  July,  1917. — Recovery  of  protopathic  all  except  little  finger.  Xo 
recovery  of  V  P.  Oct. — Sensation  recovering.      Chilblain  over  tip  of  little  finger  covers  onlv 

area  of  protopathic  loss.  Jan.,  1918. — Sensation  complete,  except  little  finger.  Xo  recovery 
of  motor  power. 

Summary. — (8  months)  Extensive  sensory  recovery.  (12)  Sensory  recovery  almost  complete,  na 
motor  recovery. 
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Case  17. — Julfi.  1917. — Siuall  perforatinji:  wound  R  arm,  ahove  internal  condyle.  Paralysis 
ulnar  nerve.  Aug. — Wound  healed.  Complete  ulnar  paralysis,  motor  and  sejisory,  with  11  1). 
.SV/>/. — ^Operation  (11.  S.  S.).  Dense  fibrosis  in  nerve  closely  limited  to  point  of  injury.  Resection 
of  i  in.  exposed  healthy  fibres.  Direct  suture.  Nerve  <iave  no  reaction  to  V.  .Jan.,  1918. — 
Touch  pirtially  felt  at  base  of  ulnar  area.  Pressure  on  nerve  does  not  produce  tin<?lin<i;.  A  hard 
tender  nodule  felt  at  point  of  anastomosis.  April. — Good  V  P  in  flexor  carpi  ulnaris.  Sensation 
recoverinjj. 

SiM.MARV. — (6  months)  Sensory  recovery  commencing.         Poxver  in  flexor  carpi  ulnaris. 

Case  18. — A'or.,  191(5. — Small  perforating  wounds  inner  side  R  upper  arm.  Compleic  ulnar 
paralysis.  Jan.,  1917. — Ulnar  and  internal  cutaneous  anaesthesia.  Flexor  carpi  ulnaris  shows 
weak  V  P,  and  reacts  to  F.     I'lnar  hand  muscles  no  V  P,  complete  R  1).  March. — OiMiKArioN 

(H.  S.  S.).  Ulnar  found  divided,  embedded  in  dense  adhesions,  no  conductivity  to  F.  Excision  of 
fibrous  ends  left  l|-in.  gap,  closed  by  direct  suture.  Internal  cutaneous  not  seen.  July. — Ulnar 
sensitive  at  elbow,  slight  sensory  recovery.  Internal  cutaneous  largely  recovered.  Oct. — I'lnar 
sensitive  at  wrist.  Jan.,  1918. — Ulnar  sensation  commencing  to  return.  Pin  and  touch 
complete  in  internal  cutaneous,  but  localization  defective.  Power  of  forearm  nuisdes  good. 
No  recovery  in  hand  muscles. 

Summary. — (4  months)  Aerve  sensitive  at  elbow.  (8)  Nerve  sensitive  at  ivrist.  (10)  Sensory 
recovery  commencing. 

ULNAR   NERVE   (CASES   NOT   OPERATED.) 

Case  19. — June,  1917. — Wound  L  forearm.  Fractured  ulna.  Ulnar  paralysis.  July. — 
Partial  ulnar  anaesthesia,  partial  paralysis  hand  muscles  ;  all  of  which  act  normally.  Sept. — 
S3nsation  recovered,  including  compass.  Good  power  in  ulnar  muscles.  Oct. — Complete 
recovery. 

Summary. — Complete  recovery  in  4  months  from  injury. 

Case    20. — May,    1917. — Wound    L   wrist.     Complete    ulnar   paralysis   of  hand.     Compound 
fracture  femur.     Discharged  Australian  hosjjital. 
Summary. — Transferred  without  operation. 

Case  21. — Oct.  1916. — Septic  wound  back  of  L  forearm.  Paralysis  ulnar  nerve.  Dec. — 
Complete  ulnar  paralysis  in  hand,  with  R  D  and  anaesthesia.  Feb.  1917. — Anaesthesia  recovered. 
Slight  V  P  in  hypothenars  only.  April. — Pin  felt,  except  over  last  two  joints  of  little  and  ring 
fingers.     Slight  power  all  hand  muscles.         Jan.,  1918. — Complete  recovery. 

Summary. — Complete  recovery  4  months  from  injury. 

Case  22. — Feb.,  1917. — Accidental  fracture  L  radius  and  ulna,  clean  woimd  on  flexor  surface, 
middle  of  forearm.  April. — R  D  and  no  V  P  ulnar  hand  muscles.  Partial  ulnar  ana'sthesia. 
June. — V  P  present  all  hand  muscles.     Sensation  returning.        Sept. — Nerve  completely  recovered. 

Summary. — Complete  recovery  7  months  from  injury. 

Case   23. — June,  1916. — Wound   L  forearm.     Fractured  radius.     Ulnar  paralysis.         Nov. — 
Complete  motor  and  sensory  paralysis,  with  R  D.     Transferred  to  Canadian  hosj)ital. 
Summary. — Transferred  without  operation. 

Case  24.— June,  1916. — Wound  inner  side  L  elbow.     Ulnar  paresis  and  anaesthesia.        Sept. — 
Sensation  almost  entirely  recovered.     Weak  V  P  in  all  muscles.     Discharged. 
Summary, — Complete  recovery  3  months  from  injury. 

Case  25. — Sept.,  1916. — Large  woimd  inner  side  of  R  arm  above  elbow.  Fractured  humerus. 
Ulnar  paresis.  April,  1917. — Ulnar,  internal  cutaneous,  and  partial  median  ana-sthesia.  V  P, 
and  normal  electrical  reactions  in  all  muscles.  June. — Power  improving.  Sensation  still 
impaired  in  ulnar  area.         Aug. — Discharged  P  U. 

.Summary. — Incomplete  recovery  12  months  from  injury. 

Case  28. — A'or.,  1916. — Wound  R  forearm,  inner  side  of  wrist.     Amputation  R  foot.         Feb., 
1917. — Complete  ulnar  paralysis  in  hand.       .  July. — No  recovery.     Discharged  to  Brighton. 
.Summary. — Transferred  without  operation. 

Case  27. — Sept.,  1916. — Large  wound  inner  side  of  L  arm  above  elbow.  Ulnar  seen  to  be 
divided,  2  in.  missing.  A'or. — Complete  ulnar  and  internal  cutaneous  paralysis,  with  R  D. 
Feb.,  1917.— Transferred  to  Taplow. 

.Summary. — Transferred  without  operation. 

Case  28. — Aug.,  1916. — Wound  L  arm.  Fractured  humerus,  with  large  septic  wound. 
March,  1917. — Complete  ulnar  paralysis.  Ankylosis  of  elbow.  Bone  united  with  large  amount 
of  callus.  April. — Partial  ulnar  anaesthesia.  V  P  idnar  hand  muscles.  Ulnar  nerve  conducts  to 
F,  to  hand  muscles.     2nd  dorsal  interosseous  reacts  to  F.      Others  nil  to  ¥  or  G.  Aug. — 

Recovery  of  protopathic,  but  not  epicritic,  over  whole  ulnar  area.  V  P  slight  in  all  ulnar  hand 
muscles.  Sept. — Epicritic  completely  recovered.  Good  V  P.  Complete  bony  ankylosis  of 
elbow,  in  iLseful  position.         Oct. — Complete  recovery.     Discharged  P  U,  on  account  of  elbow. 

Summary. — Complete  recovery  15  months  from  injury. 
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MEDIAN   XERVE   (OPERATION   CASES). 

Case  29. — April,  1917. — Deep,  excavated  wound  over  front  of  L  wrist,  radial  side.  Median 
nerve  destroyed.  June. — Wound  healed.  Above  it  bulb  is  felt,  ver>' tender  and  giving  radiating 
pain  in  median  area.  Median  anaesthesia  in  hand,  with  paralysis  of  small  median  muscles.  July. 
— Operation  (H.  S.  S.).  Complete  division  of  nerve,  with  large  end  bulb,  and  li-in.  gap.  Flap 
turned  down,  with  partial  amputation  of  bulb,  and  sutured  to  distal  end.  (Figs.  283,  284.) 
Oct. — Pressure  over  lowest  point  of  flap  causes  radiating  pain  in  fingers.  Jan.,  1918. — No 
recovery.      Bulb  appears  to  be  forming  at  end  of  graft  which  gives  radiating  pain  on  pressure, 

Sl'mmarv. — (6  months)  Recovery  to  distal  end  of  graft,  icith  formation  of  bulb.  Second  operation 
to  be  performed. 

Case    30. — May,    1917. — Wound    L   arm   just    above   elbow.     Median    paralysis.  June. — 

Anaesthesia  in  most  of  median  area.  Back  of  index  hj'persensitive.  Paralysis,  and  R  D  all 
median  muscles.  Sept. — Some  V  P  all  median  muscles  except  opponens.  Sensation  unchanged. 
Oct. — Some  recovery  of  sensation.  V  P  condition  unaltered.  \ov.  16. — Operation  (H.  S.  S.). 
Median  freed  from  adhesions  in  antecubital  fossa.  Dense  adhesions,  small  fibrous  nodules  in  nerve, 
which  could  not  be  excised.  Longitudinal  incisions  made  in  nerve.  Pedunculated  fat  flap. 
Ner\'e  conducted  F  forearm  only.  Sov.  22. — Sensation  unchanged.  Hypersensitive  back  of 
index.         Dec. — Discharged  to  Australian  hospital. 

Case  31. — Dec,  1915. — Wound  middle  of  L  arm.  Fractured  humerus.  Median  paralysis. 
Aug..  1916. — Slight  V  P  in  median  muscles,  which  react  to  F.  A'or. — Wound  healed.  No 
further  recovery.  Median  ana^thesia.  Dec. — Operation  (H.  S.  S.).  Indurated  fjortion  of 
nerve  resected.  Direct  suture.  Feb.,  1917. — No  recovery.  Transferred  to  Cheltenham. 
A'or. — Doctor  reports  apparently  no  recovery. 

SiMMARV. — \o  recovery  in  11  months. 

Case  32. — Aug.,  1917. — Wound  below  middle  of  L  forearm.  Wound  excised  at  C.C.S.  same 
date,  and  primary  suture  of  median  performed.  Oct. — Sub-total  median  anaesthesia.  Paralysis, 
and  R  D  in  flexor  longus  pollicis  and  median  muscles  of  thumb.  Operation  (H.  S.  S.).  Ner\e 
found  in  continuity,  but  fibrosed  at  suture  line,  and  verj-  friable.  End-to-end  suture,  after 
resection  of  IJ  in.  Sections  showed  that  no  nerve  fibres  traversed  the  old  suture  line.  April, 
1918. — Pin  produces  radiating  tingling  at  base  of  index  and  middle  fingers,  and  over  terminal 
portion  of  thumb. 

Sl.mmarv. — (6  months)  Protopathil  sensation  returning. 

Case  33. — June,  1915. — Bullet  jierforated  R  wrist.  Median  anaesthesia  in  hand.  Aug. — 
No  improvement.  Operation.  J  in.  fibrous  nodule  resected.  Direct  suture  with  silk  and  Cargile 
membrane.  Intense  bursting  pain  in  fingers,  severe  pain  along  course  of  nerve  in  arm  and  fore- 
arm. Nerve  tender  to  pressure.  Mov. — Median  nerve  exposed  in  middle  third  upper  arm, 
15  min.  90  per  cent  alcohol  injected.  Temporary  relief,  but  pain  in  few  weeks  severe  as  ever. 
March,  1916. — Operation  (H.  S.  S.).  Nerve  explored  at  wrist.  Fusiform  junction  found 
surrounded  by  dense  sleeve  of  fibrous  tissue,  which  could,  however,  be  dissected  off.  Silk  sutures 
and  Cargile  membrane  unaltered.  They  were  removed.  They  appeared  to  have  acted  as  foreign 
bodies,  and  lay  free  from  connection  with  the  fibrous  tissue  which  surrounded  them.  As  much 
fibrous  tissue  as  possible  removed,  but  nerve  not  resected.  It  was  hoped  that  it  was  regenerating. 
Buried  under  muscle.  No  relief  in  symptoms  resulted.  May. — Operation  (H.  S.  S.).  Exposed. 
Freed  from  fibrous  tissue.  Ner\'e  three  times  normal  diameter  for  6  in.  above  injurj-,  and  densely 
fibrous.  Split  longitudinally.  Saline  injected  into  proximal  end.  Improvement  followed,  but 
only  lasted  few  days.  Aug. — Operation.  Exposed.  3  in.  thickened  and  fibrous.  Excised. 
Gap  of  2\  in.  filled  by  radial  graft,  3^  in.  Result,  immediate  cessation  of  all  pain.  Jan.,  1917. 
— Sensation  commencing  to  recover.     Discharged  to  duty  at  own  request. 

Sc-mmary. — (5  months  after  last  oiteration)     Sensation  recovering. 

Case  34. — July,  1916. — Small  wound  front  of  R  wrist.  Median  paralysis.  Oct. — No  V  P. 
Complete  R  D  short  median  muscles.  Unusually  small  area  median  anaesthesia,  limited  to  fingers 
1  and  2.  March,  1917. — Operation  (H.  S.  S.).  Complete  division  found.  Two  bulbs  of  if  in. 
gap.  Suture  by  bulb-flap  operation.  (Figs.  283,  284.)  April. — Sensory  loss  as  before.  May. — 
Extensive  recovery,  no  loss  to  wool,  pin  blunted.  June. — Transferred  to  Ireland.  Nov. — 
Reports  no  treatment,  and  no  recoverj-.         June,  1918. — Reports  fingers  still  numb. 

SuMMARV. — (2  months)     Extensive  sensory  recovery  apparently  not  maintained. 

Case  35. — July,  1916. — Small  wound  centre  of  R  forearm.  Median  paralysis.  Jan.,  1917. 
— Protopathic  loss  only,  R  index  and  middle  fingers.  Paralysis,  but  no  R  D  median  forearm 
muscles.      R  D    in    opponens.  Operation   (R.  H.   C).      Median    exposed,    did    not    conduct. 

Excision  of  fibrous  portion  with  direct  suture.  Feb. — Slight  increase  in  area  of  sensory  loss. 
Nov. — Reports  power  in  forearm  and  sensation  returning. 

Summary. — (10  months.)     Commencing  motor  and  sensory  recovery. 
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Case  36. — Jiilif,  1917. — Wound  11  axilla.  Lijiatuic  axillary  artery  and  vein.  Sept. — Severe 
csuisal<;iu  witli  tenderness  in  palm  of  han<l  three  days  after  wound.  Oct. — I'ain  better.  Healed. 
A'or. — Hypenesthesia  median  area,  to  all  forms  of  stimulation,  with  anjesthesia  median  fingers, 
front  and  baek.  Skin  red  and  mottled.  Paresis  median  forearm  museles,  thumb  wasted,  doubtful 
V  P,  U  1).  \ov.  Hi. — Opkration  (II.  S.  S.).  Much  sear  tissue  in  axilla,  involvinfj  wide  excision. 
Median  and  ulnar  explored  to  their  orijrins  from  cords.  Median  harder  than  noimal,  some  neuritis  ; 
no  lesion  of  sheath  was  seen,  and  it  was  readily  shelled  out  from  scar  tissue.  Conducted  F  to  all 
muscles.     Ulnar    normal.         Dec- — IIypcra?sthesia    in     median    area.     Power    imirrovinjf.     I'ain 
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Fir..  283. — Bulb-flap  operation,  ap{)Iied  to  the  median.     {Step  1)  Cases  29,  34. 


relieved  by  weak  sinusoidal  baths.  Feb.,  1918, — Opponens  and  abductor  have  V  P,  but  arc 
wasted.  April. — Pain  has  disappeared.  Condition  of  arm  improving,  and  muscles  recovering 
power.         July. — Almost  completely  recovered. 

Summary. — (1  month)  Reduction  of  pain,  improvement  in  power.  (8)  liecoiery  almost 
complete. 

MEDIAN   NERVE   (CASES   NOT   OPERATED). 

Case  37. — April,  1917. — Large  wound  back  of  L  forearm.  Fractured  radius.  Wrist  drop. 
June. — Wound  not  quite  healed.  Union  of  radius  incomplete.  Muscles  of  forearni  very  weak, 
but  wrist-drop  disapf)eared.     Anaesthesia  to  wool  in  median  area.     V  P  and  F  response  in   all 
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median    muscles,   except   flexor   longus   |K>llicis.  July. — Median   area   hyperaesthetic   to   pin. 

Power  in  median   muscles  poor,         Aug. — Sensation  recovering.     V  P  in  flexor  longus  pollicis. 
Transferred  to  Warrington. 

Summary. — Recovering  satisfactorily  4  months  after  injury. 

Case  38. — April,  1917. — Several  small  wounds  L  upper  arm,  one  small  fragment  lying  on 
median  nerve  removed.  May. — Ilyperaesthesia  in  median  and  internal  cutaneous  areas.  No  V  1* 
in  opponens  or  flexor  sublimis.     Other  muscles  fair.  Sept. — Hyperacsthesia  same  area,  but  less 


Fig.  284.— Bulb-flap 'operation,  applied  to  the  median.     {Step  2)  Casts  29,  34. 

marked.     Grip  good,  except  with  index.     R  D  and  no  V  P  in  opponens.     Discharged  Canadian 
hospital. 

Summary. — Transferred  ■vcithout  operation. 

Case  39. — Jan.,  1917. — Bullet  perforated  inner  side  L  arm  above  elbow.  Brachial  artery  tied 
for  haemorrhage.  Median  paralysis.  April. — Numbness  in  middle  and  index  fingers.  Weak  V  P 
in  median  muscles,  which  react'sluggishly  to  G,  and  not  to  F.  July. — Median  area  feels  numb, 
but  is  hyperaesthetic  to  pin.     Power  improving.     Transferred. 

Summary. — Recovering  satisfactorily  6  months  after  injury. 

Case  40. — Aug.,  1916. — Wound  L  arm  above  elbow.     Complete  median  loss  of  power  and 
sensation,  with  RD.         March,  1917.— Operation  refused.     No  recovery.     Discharged. 
Summjvry. — Operation  refused. 

VOL.    VI. — SO.   22.  21 


302 


THE    BRITISH    JOURNAL    OF    SURGERY 


Case  41. — Oct.,  1916. — Small  multiple  wounds  R  ujjper  arm.  March,  1917. — All  wounds 
healed.  A'  ray  shows  many  fraaments  of  metal  around  humerus.  Internal  cutaneous  anirsthesia. 
Hluntin":  to  pin  middle  Hnjier  back  and  front.  Pressure  on  median  site  of  scar  causes  burninjj  pain 
in  middle  Hnjier.  Wasting  not  marked,  median  fingers  glossy.  No  V  P  flexor  sublimus,  longus 
poUicis,  opponens,  and  abductor.  R  1)  of  all  these.  Partial  R  D  flexor  carpi  radialis  and  palmaris 
lonjjus.  Pronator  radii  teres  no  R  I).  May. — Middle  finifcr  hypersensitive  to  pin  at  front, 
blunt  on  dorsum.  V  P  present  all  median  muscles.  Se/ft. — Middle  finger  still  hypersensitive. 
Cannot  completely  flex  index.     Aledian  nuisdes  still  weak  ;    react  to  F,  sluggish  to  G. 

Sr.MMARV. — Recovery  poor  12  months  after  injury. 

Case    42. — July,    1916. — Large    wound    inner    side    R    elbow.     Median    paralysis.  Aug. — 

Partial    median    paralysis,    some    V  P    in    flexor   carpi    radialis    and    opponens   only.      R  1)    all 
median  muscles.     No  loss  to  pin  in  median  area,  but  brush  imperfectly  felt.        Sept. — All  median 


¥l(i.  285. — ^ilediau  and  ulnar  injury.     Kesection  of  the  humerus  to  obtain  approxira  vtion.     (Step  1)  Case  48.  ^ 

muscles,  except  flexor  longus  pollicis,  recovering  V  P.         Nov. — Complete  recovery,  sensory  and 
motor.         June,  1918. — Reports  recovery. 

Summary. — Complete  recovery  4  months  after  injury. 


ULNAR   AND   MEDIAN   NP:RVES   (OPERATION   CASES). 

Case  43. — July,  1910. — Large  through  shell  wound  of  L  upper  arm.  Complete  ulnar  and 
partial  median  loss.  Aug. — Severe  causalgic  pain  in  median  area  of  L  hand.  Oct. — Alcoholic 
injection  into  median.  Relief  of  pain,  and  total  loss  of  median  followed.  March,  1917. — Still 
complete  paralysis  of  median  and  ulnar  nerves.  Operation  (L.  E.  C.  N.).  Nerves  exposed  in 
upper  arm.  Both  looked  degenerate,  were  fibrotic,  but  not  completely  divided.  The  median, 
much  thinned  at  site  of  injection,  gave  way  during  stretching  with  a  view  to  resection.  It  was 
impossible  to  bridge  the  gap,  so  the  upper  and  lower  ends  were  implanted  laterally  into  the  ulnar. 
Nov. — No  evidence  of  recovery.  Jan.,  1918. — Patient  can  flex  wrist  and  fingers  slightly,  and 
appears  to  have  some  V  P  in  all  flexors  of  forearm.     Some  irregular  sensory  recovery  in  median 
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area.  April. — Complete  median  sensory-  reeovery.  Good  V  P  in  all  muscles  of  forearm  except 
flexors  of  index  and  thumb.  May. — V  P  flexors  of  index  and  thumb.  All  muscles  of  forearm 
respond  briskly  to  G.     Ulnar  flexors  resix>nd  to  F. 

Summary.^  10  months)  Considerable  recovery.  (12)  Complete  median,  extensive  ulnar, 
recovery,  sensory  and  motor. 

Case  44. — May,  1917. — Bullet  pierced  R  upper  arm  inner  side,  cutting  brachial  artery. 
Complete  median  and  partial  ulnar  paralysis,  motor,  and  sensory.  Total  R  D  in  median,  incom- 
plete in  ulnar.  July. — Recovered  all  forms  of  ulnar  sensation,  complete  median  anaesthesia. 
Feeble  flexion  in  ulnar  forearm  muscles  alone.  All  muscles  give  R  D.  Oct. — Feeble  V  P  in 
ulnar  and  median  forearm  muscles.  Area  of  anaesthesia  diminished.  Jan.,  1918. — Xo  further 
improvement.  .\rm  therefore  explored.  Operation  (L.  E.  C.  X.).  Llnar  shelled  out  of  dense 
fibrous  tissue  ;    conducted  F  to  forearm.     Median  densely  fibrosed,  and  did  not  conduct.     IJ  in. 


BracKial  ArYery  (AtvidtJ) 
LUhat  Nerve. 


Fig.  286. — Median  and  ulnar  injury.     Besection  of  the  tiam»os  to  obtain  approximation.    (Step  2)  Case  48. 


resected,  end-to-end  suture.  March. — Good  |>ower  in  ulnar  muscles  of  forearm.  R  D  in  all 
small  muscles  of  hand.  Total  median  paralysis.  April. — Ulnar  hand  muscles  respond  to  G  stimula- 
tion of  ulnar  at  wrist.  June. — Anaesthetic  area  greatly  diminished.  Fair  V  P  in  ulnar  muscles 
and  in  flexor  profundus  digitorum.  July — .\na?sthe"sia  limited  to  terminal  joints  of  index. 
Summary. — (4  months)  Ulnar  recovery  in  forearm.  (6)  Advanced  sensory  recovery,  complete 
in  ulnar. 

Case  45. — July,  1917. — Bullet  pierced  L  upper  arm  at  middle  of  inner  side.  Complete  sensorj- 
and  motor  paralysis  of  ulnar,  median,  internal  cutaneous  ;  except  that  pronator  radii  teres  has 
entirely  escaped.  Xov. — Operation-  (R.  H.  C).  On  exploration,  ulnar  found  completely 
di\ided,  and  was  sutured.  Median  was  involved  in  scar,  and  thickened  and  indurated  for  1  in. 
Conducted  F  to  forearm  muscles,  but  not  to  flexor  longus  pollicis,  or  to  hand.  It  was  freed  only. 
June,  1918. — Sensation  and  V  P  recovering  in  both  median  and  ulnar.  (Report  from  Capt.  Broad, 
Alder  Hey.) 

Summary. — (8  months)     Recovery,  sensory  t^d  motor,  in  both  nerves. 
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Case  48. — Aug.,  1916. — Large  wound  K  arm,  much  destruction  of  tissue,  Median  sutured  and 
brachial  artery  tied  at  CCS.  Sept. — Median  and  uhiar  anaesthesia,  R  I)  in  muscles,  but  sUght  V  P 
in  flexors  of  wrist  and  fingers,  none  in  hand  muscles.  March,  1917. — Anjcsthesia  as  before,  shght 
V  P  in  flexor  carpi  uhiaris  and  profundus  ;  no  reaction  to  F  or  G  in  other  muscles.  Opkration 
(H.  S.  S.).  Total  division  of  median,  2-in.  gap,  sutured.  Ulnar  thinned  at  scar,  but  conducted  F 
to  above  muscles.  VV'rapped  in  fat.  April. — Discharged  to  London.  Nov. — Reports  no  treat- 
ment, and  no  recovery. 

SiMMARv. — (8  mouths)     No  recovery. 

Case  47. — March,  1917. — Wounds  of  Hexor  surface  of  L  elbow,  and  middle  of  1,  forearm. 
Brachial  artery  ligatured  upper  wound.  Complete  ulnar  and  doubtful  median  paralysis.  May. 
— Complete  ulnar  paralysis  hand  only,  partial  median  paralysis.  July. — Healed.  Fair  power 
median  forearm  muscles,  none  in  flexor  longus  pollicis,  or  in  hand  muscles.  Aug. — Opkration 

(H.  S.  S.).  Median  exposed  in  upper  wound,  and  free<i,  surrounding  scar  tissue  excised.  Both 
nerves  exposed  in  lower  wound.  Complete  division  of  ulnar,  with  2-in.  gap,  bridged  by  flap  method. 
Median  not  obviously  damaged,  but  did  not  conduct  F'.  Sept. — Condition  unaltered.  June, 
1918. — Doctor  reports  ulnar  sensation  recovered,  except  in  phalanx  of  little  finger.  Movements 
of  thumb  improving. 

Summary. — (10  months)     Ulnar  sensation  recovered. 

Case  48. — July,  1916. — Inner  side  R  arm  above  elbow  blown  away.  Brachial  artery  tied  in 
France.  Aug. — No  V  P  in  median  and  ulnar  nerves  ;  complete  R  D  in  muscles.  Nov. — 
Operation  (H.  S.  S.).  Nerves  exposed.  Complete  division  found,  with  3  in. -gap.  As  this  could 
not  be  closed,  3  in.  of  humerus  were  excised,  the  resect  being  used  as  a  medullary  peg.  Median 
and  ulnar  nerves  sutured  directly,  but  not  internal  cutaneous.  (Figs.  285,  286.)  April,  1917. — 
No  change  in  anaesthesia.  Slight  V  P  in  flexors  and  pronators.  Pressure  on  ulnar  nerve  3  in.  below 
suture  causes  radiating  pain  in  ulnar  area  of  hand.  June. — V  P  in  all  forearm  muscles,  median 

and  ulnar.  Pressure  on  median  4  in.  above  wrist  and  ulnar  on  wrist,  causes  characteristic  radiating 
pain.  Sept. — Good  V  P  wrist  and  fingers.  Pressure  on  median  at  wrist  causes  radiating  pain. 
Sensation  largely  recovered.  Forearm  flexors  react  to  F  slightly.  Oct. — Wool  felt  half-way  down 
palm,  pin  to  middle  of  second  segments  of  fingers.  Good  reaction  in  forearm  to  F.  Hand  muscles 
as  yet  show  no  recovery.  Jan.,  1918. — Protopathic  recovery  to  ends  of  fingers.  V  P  in  all 
forearm  muscles,  none  in  hand.     Fingers  held  in  phalangeal  flexion,  but  can  be  readily  straightened. 

Summary. — (6  months)  Commencing  recovery.  (8)  Advanced  recovery,  sensory  and  motor. 
(12)     Complete  recovery  except  in  small  muscles  of  hand.     Full  power  in  forearm. 

Case  49. — July,  1916. — Bullet  perforated  inner  side  R  arm  just  below  elbow.  A  week  later, 
radial  ligatured  for  haemorrhage.  Aug. — Slight  V  P  in  flexors  of  forearm.  Oct. — Median 
and  ulnar  anaesthesia.  Slight  V  P  in  all  muscles  of  forearm  and  hand  ;  hand  muscles  do  not  react 
to  F.  Feb.,  1917. — Condition  unaltered.  Operation  (R.  H.  C).  Stimulation  of  ulnar  and 
median  nerves  by  F  caused  contraction  of  all  forearm  but  no  hand  muscle.  Nerves  freed  from 
dense  scar  tissue,  and  wrapped  in  fat.  April. — Improved  power  in  forearm  muscles.  May. — 
Discharged  P  U.  Nov. — Reports  complete  recovery  of  sensation  median  area,  none  in  ulnar, 
and  recovery  of  power  in  flexor  muscles.  June,  1918. — Doctor  states  forearm  less  wasted. 
Interossei  improving.  Great  improvement  in  flexion.  Extension  of  WTist  and  fingers.  All 
muscles,  except  interossei,  respond  to  F. 

Summary.— (10  months)  Recovery  of  median  sensation.  Power  in  forearm  muscles.  (16) 
Complete  recovery,  except  in  small  muscles  of  hand. 

Case  50. — July,  1916. — Bullet  perforated  inner  side  of  R  arnri  above  elbow.  At  first  partial 
median  anaesthesia,  severe  pain  in  hand.  As  pain  diminished,  anaesthesia  extended.  Sept. — 
Complete  paralysis,  motor  and  sensory,  median,  ulnar,  internal  cutaneous.  R  D  in  all  paralyzed 
muscles.  Nov. — Slight  V  P  in  all  forearm  muscles,  but  R  D  in  all.     No  recovery  of  sensation. 

Feb.,  1917. — No  further  improvement.  Operation  (H.  S.  S.).  Ulnar  and  median  embedded  in 
dense  mass  of  scar  tissue.  No  conduction  of  F  in  ulnar.  Median  conducted  F  slightly  to  forearm 
muscles  only.  Excision  suture  of  both,  2  in.,  with  forward  dislocation  of  ulnar.  July. — Ulnar 
sensitive  at  elbow.  Slight  V  P  in  flexors  of  forearm,  median  and  ulnar.  Oct. — Pin  can  be  felt 
in  palm  as  low  as  web.  Some  recovery  to  pin  in  dorsal  branch  of  ulnar.  Power  improving. 
Pressure  on  ulnar   at  palm  causes  radiating  pain  in  fingers.  Jan.,  1918. — Sensation  rapidly 

recovering.  Good  V  P  in  all  muscles  of  forearm.  March. — V  P  in  all  muscles  except  thumb. 
Sensation  recovered  except  in  little  finger. 

Summary. — (6  months)  Motor  recovery  in  forearm.  (8)  Sensory  recovery  to  web  of  fingers. 
(12)     Recovery  complete  except  in  small  muscles  of  hand. 

.MEDIAN   AND   ULNAR   NERVES   (CASES   NOT   OPERATED). 

Case  51. — Jan.,  1917. — Two  large  wounds  inner  side  of  R  arm  and  forearm.  Brachial  artery 
tied.  Median  and  ulnar  paralysis.  April. — Complete  median  and  ulnar  paralysis,  with  R  D. 
June. — Transferred  to  Carlisle. 

Summary. — Transferred  without  operation. 
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Case  52. — July,  1916. — Bullet  perforated  R  arm,  just  below  elbow.  Ligature  of  brachial. 
Painful  median  and  ulnar  anaesthesia,  with  paralysis  in  all  muscles.  ATor. — Forearm   muscles 

react  to  F.  R  D  in  hand  muscles.  March,  1917. — V  P  in  forearm  muscles,  and  all  muscles  of 
hand  except  adductors  of  thumb.  Sensation  recovering.  May. — Sensation  almost  entirely 
recovered.     V  P  in  all  muscles.     Reactions  normal.  . 

Summary. — Almost  complete  recovery  10  months  after  injury. 

MUSCULOSPIRAL   NERVE   (OPERATION   CASES). 

Case  53. — May,  1917. — Perforating  wound  outer  side  of  upper  arm  below  middle.  Complete 
musculospiral  paralysis,  except  triceps.  June. — Anaesthesia  external  cutaneous,  and  radial  area. 
R  D  in  all  paralyzed  muscles.  Sept. — Opebatiox  (R.  H.  C).  Ner^•e  exposed  in  groove  through 
posterior  incision.  IJ  in.  excised,  and  ends  joined  by  direct  suture.  Sov. — No  change. 
Reaction  to  G  sluggish,  but  good  volume,  muscles  in  good  condition.  June,  1918. — Doctor 
states  patient  can  flex  and  extend  fingers  and  wrist  slightly ;  grip  greatly  improved. 

SiMMARV. — (9  months)     Recovery  advanced. 


FIG.  287. — Anastomosis  of  paralyzed  mnscolospiral  with  median.     Cotes  54,  56,  59. 


Case  54. — Sept.,  1916. — Badly  lacerated  compound  fracture  upper  third  R  humerus.  Complete 
musculospiral  paralysis,  except  long  head  of  triceps.  March,  1917. — Bone  united  with  large 
mass  of  callus.  Sinus  led  down  to  sequestra.  To  remove  these,  bone  opened  up  freely,  one  side 
of  ca\ity  being  completely  removed.  No  V  P  in  musculospiral  below  wound,  and  complete  R  D. 
Oct. — Operatiox  (H.  S.  S.).  Nerve  exposed  and  traced  to  tunnel  in  bone,  where  both  proximal 
and  distal  ends  terminated  in  fibrous  bands,  with  a  gap  of  3 J  in.  Lower  end  was  therefore 
anastomosed  to  centre  of  front  of  median,  fibres  of  which  were  here  divided.  (Fig.  287.)  Sov. — 
Slight  paresis  of  pronators,  flexor  carpi  radialis,  and  sublimis.  No  loss  of  power  in  thumb  muscles, 
no  senson.'  loss.  A  little  pain  referred  to  middle  fingers.  Jan.,  1918. — Definite  tingling  in 
palm,  on  pressure  over  musculospiral  2  in.  below  anastomosis.  May. — Tingling  now  felt  from 
lower  third  of  forearm.     No  V  P  or  F  response.         July. — F  response  in  extensors  of  wrist. 

Summary. — (4  months)  Serve  sensitive  below  suture.  (8)  Sensitive  in  lower  third  of  forearm. 
(10)     F  response  returned. 

Case  55. — July,  1916. — Fracture  middle  of  L  humerus.  Wrist-drop.  Oct. — Anaesthesia 
radial  area  on  dorsum  of  hand.  Complete  paralysis,  with  R  D  of  all  musculospiral  muscles  except 
triceps.  Sov. — Operation'  (H.  S.  S.).  Ner\e  exposed,  and  found  completely  divided,  ends 
being  joined  by  fibrous  tissue  in  tunnel  of  callus.  Resection  with  direct  suture.  April,  1917. — 
Slight  numbness  in  radial  area ;  no  definite  anaesthesia ;  no  motor  recovery.       May. — Slight  power 
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in  extensors  of  wrist.  June. — Fair  j)owcr  in  supinators  and  extensors  of  wrist,  slight  V  P  in 
extensor  communis  and  thumb  extensors.  ^l^S- — ^'  I*  extensor  indicis.  Ileactions  of  all  muscles 
weak  to  CI,  nil  to  F.  Sept. — Extensor  carpi  ulnaris  reacts  to  F.  Oct. — Good  V  P  in  all  muscles 
whicli  react  to  F.     IJmb  almost  normal  in  appearance  and  power. 

Summary. — ((>  vionths)  Slight  pouer  of  e,iieiision  of  rcrist.  (8)  Poicer  in  all  extensors.  (10) 
Reaction  to  F  first  obtained.     (12)     Complete  recovery,  return  to  duty. 

Case  58. — June,  1916. — Large  wound  back  of  R  upper  arm.  Fractured  humerus.  Sept. — 
Bone  united,  wound  still  large.  l)oul)tful  V  P  triceps  ;  complete  loss,"  with  R  I),  in  all  other 
musculos[)iral  muscles.  Wool  anaesthesia  external  cutaneous  and  radial  areas.  April,  1917. — 
Triceps  recovering.  Xo  reaction  to  G  in  extensors  of  forearm.  External  cutaneous  recovered. 
Radial    imchanged.  May. — Operation  (H.  S.  S.).      Nerve   expose<l    in    axilla    and    beneath 

triceps.  Branch  to  triceps  intact.  Main  trunk  fibrosed  for  ;j  in.,  with  end  bulb.  Direct  suture 
considered  impracticable.  Nerve  exposed  through  fresh  incision  imder  supinator  longus,  and 
median  by  horseshoe  extension  of  incision.  Musculospiral  carried  across  arm  between  biceps  and 
brachialis  anticus,  and  implanted  into  median,  antero-external  fibres  of  which  were  cut.  {Fig-  287.) 
Eight  days  later  no  loss  of  median  power  or  sensation  could  be  discovered.  Oct. — No  return  of  V  P. 
Small  area  of  radial  anaesthesia.  Jan.,  1918. — Tenderness  to  pressure  on  posterior  interosseous 
3  in.  below  elbow,  tingling  in  median  area  of  palm.  Reactions  brisk  at  motor  points.  April. — 
Synergic  contraction  of  extensors  on  flexing  fingers.  June. — Grip  powerful,  and  assisted  by 
extensors,  which  have  weak,  independent  V  P,  and  react  to  F. 

Si'MMARY. — (8  months).  Xerve  sensitive  3  in.  below  elbow.  (10)  Sensitive  lower  third  of 
forearm.  Slight  power  in  supinator  longus  and  radial  extensors.  (12)  Strong  synergic  action  of 
extensors  of  wrist,  independent  power  improving. 

Case  57. — July,  1917. — Bullet  pierced  L  arm,  fracturing  humerus  below  neck.  Wrist-drop 
occurred  at  once.  Sept. — Total  musculospiral  paralysis,  excluding  triceps.  No  reaction  to  F  in 
paralyzed  muscles,  brisk  response  to  G,  marked  galvanic  tetanus.  I'artial  anaesthesia  on  dorsum 
of  thumb.  Oct. — Typical  R  D  in  paralyzed  muscles.  Operation  (H.  S.  S.).  Nerve  adherent 
to  bony  spur.  Removal  of  spur  exposed  small  cavity  in  bone,  which  was  scraped  out  and  filled 
with  B.I. P. P.  Upper  end  of  nerve  divided  from  scar,  a  branch  to  long  head  of  triceps  being  inevit- 
ably divided  at  same  time.  Distal  end  in  two  portions  and  easily  separated  from  scar.  These 
two  portions  and  nerve  to  triceps  directly  sutured  to  proximal  end.  Brachial  artery  involved  in 
scar,  and  was  ligatured  during  separation  of  nerve.  Jan.,  19i8. — No  change.  No  power  in 
triceps,  which  shows  R  D.  March. — W'eak  V  P  in  triceps,  other  muscles  react  briskly  to  G, 
not  to  F.         May. — Distal  tingling  on  pressure  above  external  condyle. 

Summary. — (6  months)     Power  in  triceps.     Nerve  sensitive  at  elbow. 

Case  58. — July,  1916. — Large  wound,  antero-external  aspect  of  R  elbow,  tissues  destroyed 
down  to  bone.  Complete  musculospiral  paralysis  below  wound.  March,  1917. — Still  complete 
paralysis,  with  R  D.  Operation  (H.  S.  S.).  Nerve  found  divided  at  bend  of  elbow,  with 
large  end  bulb,  and  gap  of  3  in.  below  as  far  as  supinator  brevis.  Posterior  interosseous  exposed 
in  supinator  brevis,  hard,  fibrous,  and  wasted.  No  conduction  to  F.  Muscles  supplied  by  this 
nerve  pale,  and  responded  feebly  to  direct  F.  Bulb  removed,  end-to-end  suture,  with  elbow  flexed. 
Oct. — No  definite  V  P.  Reaction  to  G  brisker  and  of  better  volume.  Feb.,  1918. — Slight  VP 
in  extensor  carpi  ulnaris.         July. — Fair  power  in  extensors  of  wrist  and  fingers. 

Summary. — (10  months)    Slight  power  in  extensor  carpi  ulnaris.     (16)     Recovery  in  all  muscles. 

Case  59. — Jan.,  1915. — Wound  L  arm.  Severe  fractured  humerus.  Paralysis  of  musculospiral 
nerve.  \ov. — Operation.  4  in.  of  nerve  missing,  graft  of  internal  cutaneous  introduced. 
Jan.,  1917. — No  evidence  of  recovery.  Total  sensory  loss  in  internal  cutaneous  and  radial  areas. 
Triceps     normal,  other  muscles    R 13.      No  V  P.  Operation  (H.  S.  S.).      No  trace  of  graft 

discovered.  Distal  end  exposed,  gave  no  reaction  to  F.  Brought  under  biceps  and  implanted 
into  median  on  anterior  aspect,  a  third  of  the  fibres  being  divided.  {Fig.  287.)  Feb. — 
Sensory  loss  in  small  median  area.  Loss  of  V  P  in  flexor  longus  pollicis  and  opponens.  All 
•  other  rnedian  muscles  intact.  July. — Recovery  of  sensation  in  median  area.  Slight  V  P  in 
flexor  longus  pollicis.  Jan.,  1918. — No  evidence  of  musculospiral  recovery,  though  reactions 
to  G  somewhat  brisk.     Complete  median  recovery. 

Summary. — (12  months)     Xo  recovery. 

Case  60. — Sov.,  1917. — Transverse  wound  back  of  L  upper  arm,  near  deltoid  insertion. 
Wrist-drop.  Jan.,  1918. — Paralysis  of  supinator  longus,  and  extensors  of  forearm,  with  R  D. 
Ana'sthesia  in  an  exceptionally  large  radial  area.  Paresis  of  median  and  ulnar  muscles,  but  all 
have  V  P.     April. — Operation  (W.  M.).     Resection  suture. 

Transferred. 

MUSCULOSPIRAL   NERVE   (CASES   NOT   OPERATED). 

Case    61. — Jan.,    1917. — Wound    L   arm.     Fracture    lower   end    of  humerus.     Musculospiral 
paralysis.         May. — Complete  paralysis  in  forearm.     Discharged  to  Ireland. 
SU.MMARY. — Transferred  without  operation. 
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Case  62. — Sept.,  1916. — Wound  upper  part  of  R  arm.  Fractured  humerus.  Musculospiral 
paralysis.  Feb.,  1917. — V  P  in  triceps,  supinator  longus,  and  long  radial  extensor  ;  none  in 
posterior  interosseous.     Incomplete  R  D  in  all  except  triceps.         Jm/«/.— Transferred  to  Cardiff. 

Summary. — Transferred  icUhoul  operation. 

Case  63. — Sep.,  1916. — Fracture  upper  end  L  humerus.  Musculospiral  paralysis.  Feb., 
1917. — Paralysis  complete,  except  for  triceps  and  supinator  longus.  March. — V  P  In  radial 
extensors  of  wrist.  R  D  and  no  V  P  in  posterior  interosseous  muscles.  April. — V  P  in  extensor 
carpi  ulnaris.  May. — VP  in  extensor  communis  digitorum.  Aug. —  Complete  recovery. 
Discharged  to  duty. 

Summary. — Complete  recovery  11  months  after  injury. 

Case  64.  — 3/«j^,  1917. — Wound  R  knee,  and  small  wound  outer  side  of  R  arm.  Wrist-drcp. 
Sep. — R  I)  and  no  V  P  in  musculospiral  muscles  below  wound.  Xov. — Has  recovered  fair  V  P. 

March,  1918. — Power  much  improved.  XII  to  F  ;  G  brisk  at  motor  points.  Slight  numbness  in 
radial  area.         July. — Complete  recover>'. 

Summary. — Complete  recovery  1-4  months  after  injury. 

Case  65. — July,  1916. — Two  large  septic  wounds  back  of  R  upper  arm.  Musculospiral 
paralysis.  Aug. — triceps  reacts  to  F.  R  D  in  other  muscles,  with  loss  of  V  P.  Sensory  loss 
in  musculospiral  area  on  forearm.  Sept. — V  P  extensors  of  wrist,  thumb,  index.  V  P  In  supinator 
longus  and  brevis.  Nil  to  F  In  {wsterior  interosseous.  G  brisk  at  motor  points,  sluggish  over 
tendons.         Feb.,  1917.^ — Power  improving;  all  react  to  F.     No  loss  of  sensation. 

Summary. — Advanced  recovery  7  months  after  injury. 

Case  66. — Aug.,  1916. — Wound  R  arm.  Fracture  middle  of  humerus.  Musculospiral 
paralysis.  Sov. — Slight  V  P  In  triceps,  and  possibly  supinator  longus.  R  D  and  no  V  P  in 
other  muscles  of  group.  March,  1917. — Recovering  V  P  in  all  except  deep  extensors.  June. 
— Fair  power  in  all  nuiscles. 

Summary. — Advanced  recovery  10  months  after  injury. 

Case  67. — May,  1917. — Two  small  punctured  wounds  upper  part  of  L  arm.  Bruit  over  upper 
wound.  Paresis  of  musculospiral.  Immediate  wrist-drop.  June. — Small  aneurysmal  varix  of 
superior  profunda,  slight  numbness  in  radial  area,  and  weakness  of  extensors  ;  but  all  muscles 
react  to  F.         July. — Power  improving.     Disc-harged  to  .\ustralian  hospital. 

SvyiM.KRY.^ Advanced  recovery  2  months  after  injury. 

Case  68. — June,  1916. — Wound  L  arm.  Fractured  humerus.  Wrist-drop.  July. — Exten- 
sors of  forearm  react  to  F.  Aug. — All  muscles  recovered  V  P.  Oc/.^ Discharged  with  good 
power  In  all  muscles. 

Summary. — Recovery  2  months  after  injury. 

Case  69. — July,  1917. — Wound  I^  arm.  Fractured  lower  third  humerus.  Wrist-drop  immedi- 
ately. Aor. — Nearly  healed,  fracture  united.  Complete  paralysis,  with  R  D  of  musculospiral 
from  supinator  down.  Radial  ana-sthesia  to  wool.  Jan.,  1918. — Slight  power  radial  extensors. 
Nil  F.  Loss  to  wool  same  area.  Patient  says  he  has  more  feeling.  April. — Full  power  in  all 
muscles,  sensory  loss  as  before. 

Summ.\ry. — Complete  recovery  of  power  9  months  after  injury. 

Case  70. — April,  1916. — Miiltiple  wounds  L  forearm.  Fracture  radius  and  ulna,  and  musculo- 
spiral paralysis.  June. — Complete  paralysis  below  elbow,  with  R  D,  except  that  supinator 
longus  reacts  to  F.  Oct. — Slight  recovery  V  P  in  extensors  of  forearm.  Reactions  brisker. 
Dec. — Complete  recovery. 

Summary. — Complete  recovery  8  months  after  injury. 

Case  71. — July,  1916. — Wound  L  arm.  Fracture  upper  third  humerus.  Complete  loss  of 
power   in   biceps,   brachialis   anticus,   and   all   musculospiral   muscles   below   triceps.  Aug. — 

Paralysis  and  R  D  biceps  and  brachialis  anticus.  V  P  musculospiral  group,  though  R  D  still 
persists.  Sept. — Reactions  in  musculospiral  group  becoming  normal.  Biceps  and  brachialis 
anticus  show  R  D  and  no  V  P.  Oct. — Operation  (H.  S.  S.).  Musculocutaneous  found  di\-ided 
and  adherent  to  bone  at  point  of  entry  to  biceps.  Resection  suture.  Oct.,  1917. — No  recovery 
in  musculocutaneous.  Complete  recovery  musculospiral.  Supinator  longus  so  hypertrophied  that 
flexion  of  elbow  is  normal. 

Summary. — Complete  recovery  9  months  after  injury. 

Case  72.— July,  1916. — Wound  L  arm,  outer  side  above  elbow.  Aug. — R  D  and  no  V  P 
In    musculospiral   muscles   below   point   of  injury.  Jan.,    1917. — Recovering   V  P.      R  D    still 

present.  Feb. — Nerve  conducts  G,  and  muscles  react  briskly  to  G,  but  not  to  F.  March. — 
Nerve  conducts,  and  muscles  react  to  F.     V  P  good.         July. — Complete  recovery. 

Summary. — Complete  recovery  12  months  after  injury. 

Case  73. — July,  1916. — Small  wound  outer  side  L  arm  above  elbow.  Musculospiral  paralysis 
Sept. — R  D  and  no  V  P  posterior  interosseous.  Supinator  longus  doubtful.  March,  1917. — 
Weak  V  P  extensors  of  wrist  and  fingers,  not  thumb.     Electrical  reactions  unaltered.         June. — 
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Little  improvement.  Slight  power  in  extensor  ossis  metaearpi  pollicis.  Extensor  muscles  for 
most  part   react  to   F.         Dec. — No   improvement.  Jan.,   1918. — Fair  VP  and   F  response, 

radius  and  ulnar  extensors.     No  V  P,  and  no  F  response  communis,  or  short  extensors. 
Summary.— Poor  recovery  18  months  after  injury. 

POSTERIOR   INTEROSSEOUS   NERVE   (OPERATION    CASES). 

Case  74. — April,  1917. — Small  perforating  wound  front  of  L  elbow.  Complete  paralysis 
posterior  interosseous.  Perforating  wound  of  R  chest.  July. — R  D  in  posterior  interosseous 
group  and  in  extensors  of  wrist,  and  paralysis  of  all  these  muscles.  Sept. — Operation  (H.  S.  S.). 
Nerve  explored.  Complete  fibrosis  at  origin  of  posterior  interosseous.  Nerve  to  extensor  carpi 
radialis  longior  conducted  F.  IJ  in.  damaged  nerve  excised,  with  direct  suture.  Nerve  reached 
in  gap  between  extensor  carpi  radialis  longus  and  supinator  longus.  June,  1918. — Report  from 
doctor  states  that  patient  can  extend  wrist,  but  not  lingers.     Thinks  he  is  improving. 

Case  75. — July  1,  1916. — Bullet  perforated  L  forearm  transversely  in  front  of  bones.  Wrist- 
drop. July  20. — Paralysis  posterior  interosseous  group.  All  react  to  F  except  thumb  extensors  ; 
and   briskly   to   G.     No   anaesthesia.         Aug. — R  D   in   paralyzed   muscles.  Oct. — Operation 

(H.  S.  S.).  Nerve  exposed  in  supinator  brevis.  1  in.  densely  fibrosed.  Resected  with  direct  suture. 
Did  not  conduct  F.  April,  1917. — Slight  V  P  in  extensors  of  thumb  and  extensor  carpi  ulnaris. 
All  react  briskly  to  G  at  motor  points.  May. — Fair  V  P  in  above  muscles,  slight  V  P  in  extensor 
communis.  July. — Good  V  P  in  all  muscles.  Extensor  communis  and  carpi  ulnaris  react  to 
F,  and  briskly  to  G.     Deep  muscles  sluggish.     Discharged  to  duty. 

Summary. — (10  months)     Complete  recovery. 

Case  76. — July,  1916. — Small  wound  back  of  R  forearm.  Extensors  of  thumb,  and  index 
paralyzed.  Nov. — Operation  (H.  S.  S.).  Nerve  exposed  at  point  where  it  divided  into  several 
branches.  Resection  suture,  with  separate  suture  of  each  branch  to  proximal  trunk.  May, 
1917. — No  sign  of  recovery.     Discharged  P  U. 

POSTERIOR   INTEROSSEOUS   NERVE   (CASES   NOT   OPERATED). 

Case     77. — June,    1916. — Wound    R    elbow,    fracture    of    humerus.      Wrist-drop.  Aug. — 

Complete  paralysis,  and  R  D  in  radial  extensors  and  posterior  interosseous  muscles.  May, 
1917. — Nerve  recovered,  fair  V  P.         Sept. — Complete  recovery. 

Summary. — Complete  recovery  13  months  after  injury. 

Case  78. — May,  1917. — Wound  L  arm  just  above  external  condyle.  Paralysis  extensors  of 
forearm.  June. — Small  healed  wound  just  above  L  elbow.  V  P  triceps,  supinator  doubtful, 
very  feeble  power  in  posterior  interosseous  muscles.  Thumb  extensors  nil.  No  anaesthesia.  F 
in  triceps  supinator  longus  only.  G  in  paralyzed  muscles  fairly  brisk.  Oct. — V  P  supinator 
and  radial  extensor.  No  V  P,  R  D  posterior  interosseous.  Dec. — Posterior  interosseous 
recovered.     V  P   to   all   muscles.     Nil   to   F.  Jan.,    1918. — Good   V  P   posterior   interosseous. 

Numbness  unchanged  (radial  area).  March. — Perfect  V  P.  Very  slight  numbness  in  radial 
area.     Discharged  to  duty. 

Summary. — Complete  recovery  10  months  after  injury.     Discharged  to  duty. 

Case  79. — April,  1917. — Large  wound  outer  side  upper  L  forearm.  Fracture  radius  and  ulna. 
Posterior  interosseous  paralysis.  May. — Ulna  plated  in  open  wound.  July.- — Ana'sthesia 
to  pin  in  radial  area.  No  V  P  in  posterior  interosseous  or  in  radial  extensors.  Sept. — V  P  in 
radial  extensors.     No  V  P  in  posterior  interosseous,  and  no  reaction  to  F  or  G.     Plate  removed. 

Summary. — Case  unsuitable  for  operation.    No  recovery. 

BRACHIAL   PLEXUS    (OPERATION   CASES). 

Case  80. — Jan.,  1916. — Wound  R  axilla.  Traumatic  aneurysm  axillary  artery,  which  was 
ligatured.  Extensive  paralysis  of  arm  followed,  severe  pain  in  hand  and  forearm.  Noi\ — Gross 
fixation  of  hand ;  has  not  responded  to  treatment.  Pain  present,  but  has  gradually  improved. 
Trophic  changes  very  marked.  Ulnar  chiefly  affected.  Opf.raiion  (H.  S.  S.).  Nerves  dissected 
out,  both  above  and  below  clavicle,  from  dense  scar  tissue,  and  surrounded  with  fat.  Nerves  all 
reacted  feebly  to  F.  Dec. — Sensation  recovering.  V  P  in  flexor  carpi  ulnaris.  No  pain.  June, 
1917. — Hand  muscles  recovering  V  P.  Wool  and  pin  felt  everywhere,  slightly  blunted  on  ulnar 
border  of  little  finger.     Marked  recovery  in  mobility  of  fingers  and  usefulness  of  hand. 

Summary. — (6  months)  Extensive  recovery,  sensory  and  motor.         (8)  liecovery  almost  complete. 

Case  81. — Jm/j/,  1916. — Wound  of  R  arm  below  shoulder.  Fractured  humerus.  Arm  felt  dead 
below  elbow  at  once.  Next  day  intense  f)ain  hand  and  fingers.  Aug. — Irregular  hyperaesthesia 
and  anaesthesia  of  hand.  No  V  P  in  fingers.  Oct. — Wasted,  tremulous,  purple  hand.  Drop-wrist. 
Pain  shoots  at  night  into  ulnar  fingers  and  thumb.  Ana-sthesia  in  these  areas.  Oct.  30. — Alcohol 
(5  min.)  injected  into  upper  and  lower  trunks  above  clavicle.  Slight  relief  from  pain  followed  for 
few  days  only.       Nov. — Wound  reopened.     Injection  of  alcohol  (30  min.)  into  all  three  trunks. 
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Pain  reduced  but  not  abolished.  Hand  held  stiff  and  extended.  Fingers  became  glazed,  smallest 
movements  cause  great  pain.  July,  1917. — Entirely  free  from  pain.  Hand  stiff,  but  healthy  in 
appearance.  Slight  power  in  flexors  of  forearm.  Sinus  in  upper  arm  still  open.  Feb.,  1918. — 
Fingers  stiff  and  movements  limited.  Total  paralysis  of  musculospiral.  Sinus  closed.  April. — 
Operation  (H.  S.  S.).  Musculospiral  sutured  in  axilla,  with  difficulty,  over  2  in.  gap.  Nerve 
entirely  destroyed. 

SotMARY. — Slofiv  but  progressive  recovery  until  (18  months)  suture  of  musculospiral. 

Case  82. — July,  1916. — Wound  below  L  clavicle,  passing  upwards  and  backwards.  Small 
perforating  wound  back  of  L  forearm  in  upper  third.  Complete  musculospiral  paralysis,  with 
anaesthesia  to  outer  side  of  hand  and  forearm.  Aug. — Paralysis  and  R  D  in  whole  musculospiral 
group  except  supinator  longus,  which  has  slight  V  P.  Operation:  (H.  S.  S.).  Fragment  of  shell 
removed  from  behind  middle  trunk  of  plexus.  Sept. — V  P  and  response  to  F  in  triceps,  radial 
extensors  ;    R  D  in  posterior  interosseous  group.  March,  1917. — Operatiox    in  view   of  no 

further  recover^-.  Posterior  interosseous  explored.  No  direct  damage  found,  but  nerve  looked 
degenerate  and  did  not  conduct  F. 

Slmmarv. — (4  months)  Hecovery  of  all  put  posterior  interosseous  group. 

Case  83. — April,  1917. — Punctured  wound  of  L  axilla.  A  fortnight  later  paralysis  of  musculo- 
spiral, and  traumatic  aneurj'sm  axillar>-  artery.  This  was  excised  on  account  of  severe  haemorrhage. 
July. — Extensive  plexus  paralysis.  Anaesthesia  to  elbow.  Complete  paralysis  posterior  cord  and 
hand  muscles.  Weak  V  P  in  forearm.  Oct. — Considerable  sensorj-,  but  no  motor  recovery. 
A'ot'. — Operation  (L.  E.  C.  N.).  Musculospiral  and  circumflex  found  completely  divided,  with  end 
bulbs,  and  sutured.  Median  and  ulnar  freed  from  dense  fibrous  tissue.  Both  conducted  F  to  fore- 
arm, but  not  to  hand.  Anaesthesia  in  ulnar,  median,  internal  cutaneous,  and  radial  area.  April, 
1918. — Sensory  recovery  in  thumb  and  radial  portion  of  hand.  Complete  paralysis  of  deltoid, 
triceps,  and  all  musculospiral  muscles.  June.— Good  V  P  in  deltoid.  Weak  in  supinator  longus. 
None  in  triceps.   Deltoid  responds  to  F, ;   triceps  brisk  to  G,  nil  to  F.   No  further  sensorv*  recovery. 

SiMMARV. — (8  months)  Sutured  nerves  recovering. 

Case  84. — Sept.,  1915. — Wound  R  shoulder.  .\neur\^sm  third  part  of  axillary  arterj-.  Oct. — 
Complete    median  and  musculospiral  paralysis,  with  anaesthesia  and  R  D.  Dec. — Operation 

(L.  E.  C.  N.).  Artery  ligatured  above  and  below  aneurysm,  sac  excised.  July,  1916. — Triceps  and 
median  muscles  of  forearm  react  to  F.  Sept. — Can  extend  wrist  slightly.  V  P  in  triceps.  Anaes- 
thesia median  and  radial  areas.  Feb.,  1917. — V  P  supinator  longus  and  extensor  muscles  of  fore- 
arm, and  median  flexors.  .-i/>n7.- -Power  all  muscles  except  opponens.  Sensation  recovering  in 
fingers.  Discharged  P  U.  Xov. — Reports  considerable  sensor\-  recovery.  June,  1918. — 
Doctor  reports  pronation  and  supination  half  normal.  Flexion  of  wrist  normal.  Extension  ^. 
Sensation  of  hand  returning,  particularly  on  ulnar  side.     Movements  of  fingers  improving. 

Summary. — (6  months)  F  reactions  returning.  (10)  Power  in  triceps  and  extensors  of  icrist. 
(14)  Power  in  all  muscles  of  forearm.         (24)  Advanced  recovery. 

Case  85. — June,  1915. — Perforating  wound  R  axilla.  July. — Total  paralysis  R  arm.  Biceps 
and  extensors  forearm  respond  to  strong  F.  Other  muscles  no  response  to  F  or  G.  Aug. — Biceps 
and  brachialis  anticus  show  good  V  P.  Triceps  responds  to  strong  F.  Extensors  forearm  no  response 
to  F,  faint  to  G.  Severe  aching  pain  in  whole  arm,  complete  sensory  loss  in  forearm  and  hand. 
Oct.—  No  V  P  in  any  muscle  in  arm.  Complete  R  D.  Pain  increasing.  Operation  (Maj.  Nitch). 
Aneurysm  first  part  of  axillary  dissected  out,  adherent  to  all  nerves  of  plexus.  Alcohol  injected  into 
nerves  above  lesion.  No  relief  of  pain  followed.  Dec. — Again  explored.  Musculocutaneous 
and  inner  head  of  median  found  divided,  possibly  in  last  exploration.  Sutured  directly.  July, 
1916. — V  P  in  triceps,  deltoid,  supinator  longus.  Hyperaesthesia  of  arm  to  elbow,  sensation  return- 
ing in  upper  forearm.  R  D  in  all  other  muscles.  Dec. — V  P  median  flexors,  and  in  all  muscles  of 
upper  arm  and  supinator  longus.     Sensation  recovered  to  wrist.     No  deep  loss. 

Summary. — (8  months)  Poiver  in  triceps,  deltoid,  supinator  longus.  (12)  Steady  progressive 
recovery. 

Case  86. — June,  1917. — Small  penetrating  wound  below  R  coracoid,  metal  lodged  under 
scapula.  July. — Intense  pain  in  hand.  Anaesthesia  outer  border  of  arm,  forearm,  and  thumb. 
V  P  present  in  pectorals  and  spinati,  deltoid  doubtful,  none  in  biceps,  triceps,  or  other  muscles  of 
arm,  forearm,  or  hand.  All  ner\es  react  to  F  except  musculospiral.  Pain  relieved  by  ionization 
of  brachial  ner\es.  Aug. — Ulnar  and  median  muscles  recovering.  Oct. — Deltoid  improving. 
No  V  P  in  biceps  or  musculospiral  group.  Jan.,  1918. — V  P  in  biceps.  Lesion  now  equivalent  to 
complete  musculospiral.  Operation'  (H.  S.  S.).  Plexus  exposed  below  cla\icle,  pectoralis  minor 
being  divided.  Plexus  dissected  from  dense  mass  of  scar  tissue.  Musculospiral  found  di\ided. 
Circumflex  arose  just  above  division,  and  had  to  be  di\ided  in  exposure  of  proximal  of  posterior 
cord.  Direct  suture  of  musculospiral  and  circumflex  posterior  cord.  March. — Complete  paralysis 
in  posterior  cord.  Weak  V  P  in  biceps.  April. — Good  V  P  in  all  ulnar  and  median  muscles. 
Weak  reaction  to  F,  and  doubtful  \  P  in  deltoid.  June. — Good  power  in  all  muscles  except 
those  of  posterior  cord,  which  all  react  briskly  to  G.  Nil  to  F.  Aug. — V  P  in  deltoid,  which  reacts 
to  F.     Triceps  brisk  to  G  and  reacts  to  F. 

SuiiMARY. — (7)  Recovery  of  poiver  in  deltoid,  triceps  responds  to  F.  Remainder  of  plexus  has 
completely  recovered. 
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Case  87. — July,  1916. — Clean  perforating  wound  below  L  axilla.  No  nerve  lesion.  July  14. — 
Traumatic  aneurysm  brachial  artery.  Opi.hation  (H.  S.  S.).  Sac  dissected  out,  vessel  tied  above 
and  below.  -I"^. — Acliinji  pain  in  head,  worse  at  nijjht.  Oct. — Pain  continuous.  Extensive 
loss  of  sensation  in  rejiion  of  idnar  areas.  Opkration  (H.  S.  S.).  ISIedian  and  ulnar  nerves 
dissected  from  dense  fibrous  tissue,  and  wrapped  in  fat.  Jan.,  1917. — Pain  entirely  disappeared. 
Sensation  recovering. 

Summary. — (4  months)  EiCtensive  recovery. 

Case  88. — April,  1917. — Bullet  traversed  R  posterior  triun<rle,  entrance  in  front  just  above 
clavicle,  exit  middle  inner  border  of  scapula.  May. — .\chin<r  pain  in  hand,  and  tenderness  of  brachial 
plexus,  with  referred  pain  on  pressure.  No  definite  anaesthesia,  but  numbness  of  circumflex  area 
and  outer  side  of  arm  and  forearm.  No  V  P  biceps,  deltoid.  suj)inator  longus.  Slif>ht  V  P  triceps 
and  muscles  of  forearm.  June. — Complete  atrophy  of  deltoid  and  s|)inati,  with  loss  of  V  P  and 
R  D.  July. — Operation  (H.  S.  S.).  Plexus  exposed  above  clavicle.  I  pper  trunk  scarred  at 
junction  of  5  and  6  cervical  nerves.  Freed  from  scar,  and  fibrous  nodule  in  anterior  aspect  of  trunk 
excised.  Triceps  alone  reacted  to  F  stimulation  of  this  trunk.  Sept. — V  P  in  supinator  lonjjus 
hand  and  forearm  jrood.  No  pain.  Dcr.—  Slijjht  V  P  in  deltoid,  biceps,  brachialis  anticus,  supinator 
lonsrus,  but  not  sullicient  to  move  elbow.  No  reaction  to  F.  Jan.,  1918.-- Power  in  these  nujscles 
iniprovinw,  can  flex  elbow  against  gravity.  March. — Good  power  in  all  muscles  of  arm,  forearm, 
and  hand.     Movements  slow. 

Summary. — (4  months)  Good  power  supinator  longids  hand  and  forearm.  (6)  Fair  potcer  in 
deltoid  and  flexors  of  elbow.         (8)  Good  power  in  all  muscles. 

Case  89. — Sept.,  1917. — Small  wound  of  R  neck,  with  fracture  of  6th  R  transverse  process. 
Nov.,  1917.—  Intense  causalgia  palm  of  R  hand,  which  is  held  rigidly  semiflexed  with  thumb 
addueted  into  palm.  Weak  V  P  in  all  muscles,  but  slightest  movements  of  arm  cause  intense  pain. 
Flexor  muscles  of  forearm  respond  feebly  to  F.  Other  nuiscles  normal  response.  A  or.  11. — 
Opr.RATiox  (H.  S.  S.).  Incision  behind  R  sternomastoid.  All  cervical  roots  from  3  to  7,  spinal 
accessory  and  phrenic  nerves  exposed  in  dissection.  5th  root  conducted  normally  to  deltoid,  biceps, 
supinator  longus.  6th  root  gave  no  response.  7th  root  conducted  foreaim  flexors,  triceps,  and 
extensors  of  forearm.  6th  root  swollen,  and  fragment  of  metal  in  contact  with  it.  On  attempting 
to  dissect  6th  root  free,  sac  of  small  aneurysm  of  vertebral  artery  was  torn,  with  profuse  hamorrhage. 
Artery  tied  close  to  origin,  without  result.  Anterior  portions  of  5th  and  6th  transverse  processes 
removed,  and  vessel  tied  above  and  below  sac.  Bleeding  serious,  and  controlled  with  very  great 
ditliculty  by  this  means.  5th  cervical  root  injured  in  the  operation.  Aor.  23. — Pain  entirely 
relieved.  .Movements  of  hand  and  flexors  improved.  Complete  paralysis  of  5th  cervical  nerve 
(biceps,  deltoid,  supinator  longus,  sujjra-  and  infra-spinati).  Jan.,  1918. — VP  in  all  muscles 
except  biceps,  deltoid,  supinator  longus,  supra-  and  infra-spinati,  which  are  Masted  and  show  R  D. 
Triceps  very  weak.  Narrow  area  of  anaesthesia  radial  border  of  forearm  and  hand.  April. — 
Weak  V  P  in  deltoid  and  biceps.  Good  power  in  most  other  muscles.  May. — Full  V  P  in  all 
nmscles  except  supinator  longus.  Sensation  recovered.  Aug. — Good  power  in  all  muscles.  No 
sensory  loss. 

Summary  (10  months)  Complete  recovery. 

BRACHIAL   PLEXUS     (CASES   NOT   OPERATED). 

Case  90. — June.  1916. — AVound  above  middle  L  clavicle.  Empyema.  Sept. — Paralysis  and 
R  D  in  supra-  and  infra-spinati,  and  deltoid,  except  for  a  few  anterior  fibres  in  last  muscle.  Feb., 
1917. — V  P  in  deltoid.     Discharged  Carlisle. 

Summary. — Deltoid  recovered  8  months  after  injury. 

Case  91. — .Sept.,  1916. — Wound  of  L  axilla,  followed  by  traumatic  aneurysm,  operation  at  station 
hospital  two  days  later.  Dec. — \Vounds  healed.  Extensive  paralysis  brachial  plexus.  Deltoid 
shows  fair  power,  triceps  feeble,  all  other  muscles  in  arm  paralyzed.  Anaesthesia  below  middle  of 
forearm,  except  radial  part  of  dorsum.  Deltoid  reaction  normal.  None  in  other  muscles.  March, 
1917. — V  P  trice|)S,  supinator  longus,  all  extensors  of  wrist.  No  V  P  biceps  flexors  of  wrist  and 
fingers,  extensors  of  fingers  ;  supinator  longus  reacts  to  F.  April. — V  P  in  extensors  of  thumb. 
.July. — .Sensation  returning.  Almost  complete  recovery  in  biceps,  supinator  longus,  extensors.  No 
j)ower  in  flexors  of  forearm  or  hand  muscles.  Ulnar  sensitive  at  elbow.  Oct. —  Further  recovery 
of  sensation.  V  P  in  brachialis  anticus.  Great  hypertrophy  of  supinator  longus.  Feb.,  1918. — 
Slight  V  P  in  flexors  of  wrist.     Rubl)ing  idnar  border  of  hand  j)roduces  tingling. 

.Summary. —  yery  advanced  recovery,  except  in  hand,  18  months  after  injury. 

SCIATIC    NERVE    (OPERATION   CASES). 

Case  92. — Sept.,  1916.— I^arge  wound  R  buttock.  Sciatic  paralysis.  Oct. — V  P  in  ham- 
strings. Complete  paralysis  other  muscles,  with  R  D.  Small  area  of  sciatic  ana-sthesia.  Feb., 
1917. — Operation  (H.  S.  S.)  Complete  division  found  in  buttock.  Direct  suture  over  gap  of  2 
inches.         May. — Discharged  P  U  for  treatment. 

Case  93. — April,  1917. — Perforated  wound  R  thigh.     Complete  sciatic  paralysis.       May.So 
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V  p.  Complete  R  U  in  muscles  supplied  by  external  and  internal  popliteal.  Corresponding  sensory 
loss.  Sept. — Xo  improvement.  Operation  (H.  S.  S.).  Complete  lesion  of  sciatic  nerve  at 
middle  of  thigh.  IJ  in.  replaced  by  dense  mass  of  fibrous  tissue.  1  in.  diameter.  Resection  with 
direct  suture.  No  conduction  to  F.  External  and  internal  popliteal  could  be  identified,  and  were 
correctly  ap|X>sed. 

Case  94. — Sept.,  1016.— Transverse  wound  back  of  L  thigh,  -i  in.  above  knee.  Oct. — Two 

operations  for  secondary  haemorrhage,  followed  by  drop-foot.  Jan.,  1917. — ^External  popliteal 
paralysis,  with  complete  K  D  and  ana^thesia.  \Vcak  V  P  in  calf  muscles.  Feb.—  Operatiox 
(H.  S.  S.)  Sciatic  freed  from  dense  fibrous  tissue  ;  lK)th  divisions  showed  old  bruising  on  surface. 
Internal  popliteal  reacted  strongly  to  F.  External  popliteal  in  peronei  only.  Wrapped  in  fat. 
April. — Good  power  in  peronei.  Slight  power  in  extensors.  Discharged.  June. — Sensation 
recovered  in  whole  external  |)opliteal  area.     Fair  power  in  all  muscles  of  leg. 

Summary. — (2  months)  Good  pozcer  peronei.  (4)  Sensation  recovered.  Fair  poicer  in  all 
muscles. 

Case  95. — July,  191fi. — \Vound  near  head  of  R  fibula.  Foot -drop.  .1«^.— Paralysis,  with 
R  D,  ana-sthesia  in  external  popliteal.  Oct. — Operation  (L.  E.  C.  X.).  Complete  division 
found.  Bulb.  Direct  suture  over  1-in.  gap.  Cargile  membrane.  Hay,  1917. — Doubtful  V  P  in 
peronei.  Sensation  almost  entirely  recovered.  Brisk  reactions  to  G.  Discharged.  June. — 
Doctor  reports  complete  recovery  of  movement  and  sensation. 

Summary. — (8  months)  Sensation  complete,  v:eak  power  peronei.         (10)  Complete  recovery. 

Case  96. — Sept.,  1916. — Small  j)erforating  wound  back  of  L  thigh.  Sciatic  paralysis.  Oct. — 
Paralysis  with  R  D  in  internal  popliteal.  \Veak  V  P  in  external  i)opliteal  muscles.  Corresponding 
sensory  loss.  Operation  (H.  S.  S.).  Internal  popliteal  found  divided  just  below  bifurcation. 
Bulbous  ends  united  by  strand  of  fibrous  tissue.  Direct  suture  over  2-in.  gap.  July,  1918. — 
Doctor  re|K)rts  recoveiy-  of  protopathic  sensation  and  of  muscular  poAver. 

Summary. — (8  months)  Sensation  and  power  recovering. 

Case  97. — Sept.,  1916. — Perforating  wound  above  middle  of  back  of  R  thigh.  Immediate  pain 
in  sole,  numbness  of  foot.  Oct. — Causalgia  in  sole,  numb  to  wool.  Mixed  hyperaesthesia  in 
external  popliteal  area.  Recovering  V  P.  Paralysis  and  complete  R  D  in  external  popliteal. 
Alcohol  injection  into  nerve  3  in.  above  lesion.  Both  divisions  conducted  F  before  injection. 
yiov. — Wound  suppurated,  pain  not  relieved.  Dec. — Complete  paralysis  whole  sciatic  distribution, 
with  R  1)  and  ana-sthesia.     Xo  pain.  Feb.,   1917. — Operation  (II.  S.  S.).     Internal  popliteal 

found  completely  fibrous.  Two  inches  resected  direct  suture.  External  popliteal  freed.  Dense 
perineural  adhesions  found  round  injected  i>ortion  of  ner\-e.  June,  1917. — Slight  power  in  peronei. 
July. — Slight  power  extensors  of  toesr  •-tug. — Pin  recovering  external  popliteal  area.  Power 
improving.  Sept. — Slight  V  P  in  calf  muscles.  A'or. — Fair  power  in  calf,  no  reaction  to  F. 
Jan.,  1918. — External  iwpliteal  reacts  to  F,  and  power  is  good.  Pressure  on  post  tibial  6  in.  above 
ankle  gives  tingling  in  sole.     Fair  power  in  calf  muscles.     Discharged. 

Si'MMARY. — (4  months)  Slight  /nnver  in  peronei.  (6)  Slight  power  in  ejitensors.  (8)  Slight 
power  in  calf.         (12)  fiood  poicer  in  all  muscles. 

Case  98. — July,  1916. — Perforating  wound  R  thigh  just  below  buttock.  Paralysis  R  leg. 
Aug. — Paralysis  external  popliteal,  with  R  D  and  anaesthesia.  Xo  V  P  in  internal  popliteal,  no 
sensory-  loss.  Xov. — Calf  muscles  recovering.  Jan.,  1917. — Operation  (R.  H.  C).  External 
popliteal  found  completely  divided,  two  end  bulbs.  Resection  suture.  Internal  popliteal  con- 
ducted F.  April. — Discharged.  A'or. — Reports  considerable  recoverj-  in  sensation  and  power. 
June,  1918. — Some  further  improvement. 

SuMM.ARY. — (10  months)  Sensation  and  power  recovering. 

Case  99. — Aug.,  1916. — Large  fMirtion  middle  of  back  of  R  thigh  blown  away.  Xo  V  P  belcw 
knee.  External  popliteal  anaesthesia.  Internal  popliteal  partial  anaesthesia,  and  paraesthesia. 
Jan.,  1917. — Complete  R  D  below  knee.  Fp6.—  Operation  (H.  S.  S.).  Internal  popliteal  almost 
entirely  divided,  though  a  few  fibres  traversed  scar.  External  popliteal  completely  divided.  Resec- 
tion suture  both  nerves.  Hay. — Pressure  on  external  popliteal  at  neck  of  fibula  gives  radiating 
pain  to  foot.  Oct. — .Slight  V  P  in  peronei  and  calf  muscles.         Jan.,  1918. — Fair  power  in  calf. 

Xone  in  peronei  or  anterior  tibial  group,  though  pressure  on  ner\e  produces  radiating  pain  as  before. 
.Some  sensory  recovery.  June,  1918. — Doctor  reports  slight  improvement  in  power.  Walks 
fairly  well. 

Summary. — (4  months)  \erve  sensitive  neck  of  fibula.  (8)  Slight  power  in  peronei  and  calf 
muscles.         (10)  Good  power  in  calf.         (11)  Continued  improvement ;  walking  well. 

Case  100. — June,  1916. — Wound  through  middle  of  R  thigh.  Foot-drop,  with  slight 
anaesthesia  dorsum  of  foot  and  toes.  Pain  in  ball  of  foot.  A'or. — Fair  V  P  internal  popliteal, 
Xone  in  external  popliteal.  Xo  pain.  External  popliteal  anaesthesia.  Operation  (H.  S.  S.). 
External  popliteal  found  completely  divided.  Sutured.  Internal  popliteal  slightly  nicked,  but 
conducted  F  well.  Was  not  touched.  Both  nerves  wrapped  in  fat.  April,  1917. — V  P  in  peronei. 
sensory  recovery  in  all  but  small  area  on  dorsum  of  foot.  July. — External  popliteal  paralysis 
again  complete  ;  patient  has  been  wearing  garter  for  elastic  foot  support,  and  pressure  has 
injured  the  nerve.         Aug. — V  P  present  in  all  external  popliteal  muscles.     Xo  sensory  recovery. 
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Jan.,  1918. — Good  V  P,  No  sensory  recovery  in  external  popliteal  area.  June. — Reports  can 
walk  satisfactorily  with  an  instrument. 

Sl'mmary.— -(4  months)  Power  in  peronei  and  almost  complete  sensory  recovery.  (8)  Secondary 
injury,  complete  paralysis.         (12)  Advanced  motor  but  no  sensory  recovery. 

Case  101. — March,  1917. — Wound  lower  third  of  L  thigh.  Fractured  femur.  Sept. — Frac- 
ture imited,  woimd  not  healed.  Paralysis  external  popliteal,  incomplete  anaesthesia.  Internal 
popliteal  muscles  weak  and  wasted,  but  slight  V  P.  Sole  hypersensitive.  No  reaction  to  F  or  CJ  in 
any  muscles  of  leg.  Dec. — Wound  healed.  Feb.,  1918. — Operation  (H.  S.  S.).  External 
popliteal  found  divided.  Direct  suture.  Internal  popliteal  freed.  June. — Weak  power  in 
flexors  of  toes. 

Case  102. — April,  1917. — Perforating  wound  upper  part  of  back  of  II  thigh,  another  outer  side 
of  popliteal  space.  Total  sciatic  paralysis  of  leg.  July. — Complete  paralysis  external  and  internal 
popliteal,  with  R  D  anaesthesia.  V  P  in  hamstrings.  Sept. — Paralysis  as  before,  but  pressure 
over  nerve  below  wound  causes  tingling  of  leg  and  foot.  Nov. — Operation  (W.  M.).  Almost 
total  division  at  level  of  lower  border  of  gluteus  maximus,  with  bulb  on  upper  end.  Resection 
suture  over  gap  of  1 J  in.  April,  1918. — No  recovery  V  P  or  sensation,  but  muscles  react  briskly  to 
G.  Referred  tingling  obtained  on  pressure  of  external  popliteal  over  fibula.  June. — Referred 
tingling  over  dorsum  of  foot. 

Summary.— ^8  months)     Sensation  returning  over  dorsum  of  foot,  but  no  voluntary  power. 

Case  103. — July,  1916. — Small  perforating  wound  L  buttock.  Anaesthesia  back  of  thigh.  No 
loss  of  power  in  limb.  Aug. — Operation  for  ha-morrhage.  Buttock  opened  up  widely.  Gluteal 
artery  tied  with  great  difficulty.  Sept. — Paralysis  of  internal  popliteal,  with  R  D.  Nov. — 
Operation  (H.  S.  S.).  Almost  total  scarring  of  internal  popliteal  found,  small  branch  to  ham- 
strings alone  remaining  :  this  was  dissected  away.  Scar  excised,  and  nerve  sutured  directly. 
Dec. — Transferred.  Nov.,  1917. — No  recovery.  Stopped  treatment  since  Aug.  No  work. 
June,  1918. — Reports  referred  tingling  on  pressure  on  calf.     At  work,  but  having  no  treatment. 

Summary. — \l  months)  Nerve  sensitive  in  calf. 

Case  104. — April,  1917. — Small  wounds  outer  side  both  knees.  P'oot-drop  R  side.  Partial 
paralysis.  May. — Slight  numbness  only  dorsum  R  foot.  V  P  and  F  present  in  peronei.  Absent 
in  extensors,  with  R  D.  June  19. — Numbness  slightly  improves.  V  P  and  reactions  unchanged. 
Thickening  felt  on  external  popliteal  behind  biceps  tendon.  June  30. — Operation  (H.  S.  S.). 
Ner\'e  exposed,  at  emergence  from  cover  of  biceps  tendon.  Damage  partial.  Nerve  split  longi- 
tudinally into  posterior  external  part  (conducting  F  to  peronei)  and  anterior  inferior  part  (not  con- 
ducting) of  which  J  in.  was  resected,  with  end-to-end  suture.  Fat  sleeve.  Sept.,  1917. — No  V  P 
in  peronei.  Nil  to  F,  moderately  brisk  to  G.  Other  muscles  R  D.  Jan.,  1918. — Fair  V  P  in 
peronei  returned  in  last  few  weeks.     Nil  F.     No  V  P  anterior  tibial. 

Case  105. — July,  1917. — Perforated  wound  behind  outer  side  of  R  knee.  .Sciatic  paralysis. 
Aug. — Complete  external,  partial  internal  popliteal  anaesthesia.  No  V  P  in  either,  but  spontaneous, 
painful,  cramp-like  movements  in  flexors  of  toes.  Internal  popliteal  conducts  F,  and  its  muscles 
react.  None  in  external  popliteal.  Sept.  18. — Cramp-like  pains,  but  no  spontaneous  movements. 
Complete  sciatic  anaesthesia.  Slight  power  internal  popliteal,  none  external.  Sept.  21. — Opera- 
tion (H.  S.  .S.)  Explored  popliteal  space.  Internal  popliteal  slightly  constricted  by  fibrous 
band.  Conducted  F,  and  abnormally  irritable  to  mechanical  stimuli.  External  popliteal  marked 
bulljous  thickening.  No  conduction.  Excision  suture.  May,  1918. — Fair  power  calf  muscles, 
no  V  P  in  extensors,  which  react  briskly  to  G,  not  to  F.  Referred  tingling  on  pressure  over 
neck  of  fibula.  June. — Pin  returned  in  upper  third.      Brush  in  upper  third  external  popliteal 

area.  Sensation  completely  recovered  in  internal  popliteal  area.  Aug. — Fair  V  P  external 
popliteal  group,  but  no  further  sensory  recovery. 

.Summary. —  (8  months)  Recovery,  motor  and  sensory,  internal  popliteal.  Sensory  only  external 
popliteal.         (11)  Motor  recovery  external  popliteal. 

Case  106. — June,  IQ\6. — Wound  lower  third  of  L  thigh.  Foot-drop.  July. — Complete  para- 
lysis internal  and  external  popliteal,  with  R  D  and  sensory  loss.  Nov. — Operation  (H.  S.  S.). 
Sciatic  found  completely  divided,  with  large  bulbous  end.  Excision  and  suture  over  ."J-in.  gap.  Fat 
sleeve.  April,  1917. — Complete  sensory  loss  in  sciatic  area.  Trophic  ulcer  of  great  toe. 
July. — V  P  in  gastrocnemii,  tibialis  posticus,  and  peronei.  Some  sensory  recovery  upper  peronei 
area.  Ulcer  healed.  Sept. — V  P  all  calf  muscles.  Fair  V  P  peronei  and  tibialis  anticus.  No 
further  sensory  recovery-. 

Summary. — (8  months)  Power  in  muscles  of  calf  and  peronei.  (10)  Fair  power  in  all 
muscles.         (12)  Almost  complete  motor,  but  no  sensory  recovery. 

Case  107. — June,  1917. — Wound  R  leg,  outer  side  below  knee.  July. — Ana'sthesia  external 
popliteal.  .Slight  V  P  external  popliteal  nuiscles.  Fairly  brisk  reaction  to  G.  Aug. — Power 
improving.  Jan.,  1918. — Fair  power  all  muscles.  No  sensory  recovery.  April. — Pin  produces 
radiating  tingling  in  up|>er  half  of  affected  area.  Tingling  also  produced  by  pressure  on  nerve  below 
scar.  V  P  in  extensor  longus  hallucis  and  tibialis  anticus  only.  No  response  to  F.  May. — 
Operation  (L.  E.  C.  N.).  Neurolysis.  Perineural  adhesions  only.  June. — Sensation  recovering 
on  dorsum  of  foot.     Weak  V  P  in  all  extensors.     None  in  peronei. 

Sumsiary. — (1  month)  Definite  recovery  in  sensation  and  power. 
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SCIATIC  NERVE   (CASES  NOT   OPERATED). 

Case  108. — April,  1917. — Perforating  wound  back  of  R  thigh.  Internal  popliteal  paresis.  Pain 
in  sole,  anaesthesia  to  pin.  Wasting  and  weakness  of  calf.  No  power  in  tibialis  anticus  or  flexors 
of  toes.  July. — Pain  improved.  Slight  power  in  gastrocnemii.  No  power,  and  R  D  in  other 
muscles  of  calf.       Jan.,  1918. — Fair  power  in  gastrocnemii.     Xo  change  in  sensation.     Discharged. 

Summary. — Recovery  of  power,  not  of  sensation,  9  months  after  injury. 

Case  109. — Sept.,  1916. — Wound  L  thigh.  Fractured  femur.  No  nerve  lesion  noticed.  April, 
1917. — Complete  paralysis  of  L  sciatic,  with  R  D  and  anaesthesia.  Onset  gradual  for  last  two 
months.     There  have  been  several  operations  for  sequestrotomy.         Aug. — Transferred. 

Sv MM. \RY.— Transferred  without  operation. 

Case  110.— -Jaw.,  1917. — Wound  upper  third  L  thigh.  Fractured  femur.  Sept. — Anaesthesia 
complete  sciatic  area,  slight  V  P  peronei.  None  in  other  muscles.  No  reaction  to  F  or  G.  Wasting 
of  leg  severe.  Nutrition  bad.  April,  1918. — Fair  power  in  all  muscles  of  leg.  Slight  return  of 
sensation  on  outer  side.  May. — Sensation  dorsum  of  foot  completely  recovered.  Still  complete 
anaesthesia  of  sole.  Good  f>ower  extensor  muscles.  Very  weak  in  flexor.  June. — Sensation 
recovered  in  whole  of  external  popliteal  area.     Fair  power  in  all  muscles  of  leg. 

Summary. — Fair  recovery  of  power  in  all  muscles,  and  of  sensation,  except  in  sole  of  foot,  18  months 
after  injury. 

Case  ttt.— Feb.,  1917. — Large  wound  inner  side  of  L  thigh,  high  up.  March. — Secondary 
haemorrhage.  Ligature  of  branches  of  profunda.  Foot -drop  followed.  June. — Wound  healed. 
Paralysis  tibialis  anticus  and  extensor  longus  hallucis,  with  R  D.  V  P  |>eronei  and  extensor  longus 
digitorum.  External  |>opliteal  anaesthesia.  Aug. — Slight  V  P  in  paralyzed  muscles.  Sensation 
recovering.  Oct. — V  P  much  improved.  Jan.,  1918. — Fair  power  in  all  muscles,  except 
tibialis  anticus.     Discharged  P  V. 

Summary. — Fair  recovery,  except  tibialis  anticus,  1 1  months  after  injury. 

Case  112. — July,  1917. — Large  wound  inner  aspect  of  thigh  above  knee.  Ver\'  weak  power  all 
leg  muscles.  Anaesthesia  small  sciatic  area.  Aug. — .\naesthesia  outer  side  of  sole  only.  External 
popliteal  recovering  V  P.  Very  slight  V  P  internal  popliteal  group,  with  complete  R  D.  Oct. 
— Fair  power  in  external  |>opliteal.  Complete  paralysis  of  internal  popliteal,  with  painful  anaesthesia 
of  sole.     Marked  trophic  changes  in  skin  of  foot.     Transferred. 

Summary. — External  jwpliteal  recovered  3  months  after  injury.     Transferred  without  operation. 

Case  113. — April,  1916. — Wound  R  thigh.  Fractured  femur.  Oct. — Weakness  posterior 
tibial  group,  calf  tender,  mixed  hyperaesthesia  and  anaesthesia  of  sole.  Partial  R  D  in  calf  muscles. 
Jan.,  1917. — Completely  recovered. 

Summary. — Complete  recovery  9  months  afer  injury. 

Case  114. — Aug., 1916. — Large  wound  back  of  upper  R  thigh.  Fractured  femur.  Jaw.,  1917. — 
Paralysis  of  anterior  tibial  muscles,  with  R  D.     No  sensory  loss.     Transferred. 

Summary. — Transferred  without  operation. 

Case  lis. — April,  1917. — Wound  L  buttock.  May. — Large  abscess  in  buttock  opened.  Foot- 
drop  noticed  few  days  later.  June. — Incomplete  internal  popliteal  paralysis,  small  area  of  anaes- 
thesia. Loss  of  power  in  extensors  of  foot,  which  give  R  D.  Sept. — Recovering  power,  R  D  still 
present  in  extensors.         Feb.,  1918. — Complete  recoverj-.     V  P  and  sensation. 

Summary. — Complete  recovery  9  months  after  injury. 

Case  116. — July,  1916. — Perforating  wound  L  buttock.  Sciatic  paralysis.  Sept. — Complete 
sciatic  paralysis  below  knee,  with  R  D,  and  anaesthesia.     Refused  operation.     Discharged. 

Summary. — Discharged  without  operation. 

Case  117. — July,  1916. — Small  wound  over  head  of  L  flbula.  Foot -drop.  Aug. — Numbness 
in  external  popliteal  area.     Muscles  paralyzed,   but    reactions   normal.  Sept. — V  P  returning. 

Dec. — Complete  recovery. 

Summary. — Complete  recovery  5  months  after  injury. 

Case  118. — April,  1916. — Wound  L  buttock.      Foot-drop.  July. — External  popliteal  para- 

lysis, with  R  D.         Oct. — No  return  of  V  P.      Reaction  of  peronei  to  G  brisk.  July,  1917. 

—V  P  in  peronei.      Paralysis  and  R  D  of  other  muscles.      Sensory  loss  limited  to  dorsum  of  foot. 
Transferred. 

SusiMARY. — Recovery  of  peronei  only  3  months  after  injury. 

Case  119. — Aug.,  1917. — Perforating  wound  L  leg,  just  below  knee.  Severe  pain  in  sole. 
Sept. — Intense  causalgia  of  sole,  without  sensorj'  loss.        Oct. — Greatly  improved.     Transferred. 

Summary. — Much  improved  2  months  after  injury. 

Case  120. — June,  1916. — Perforating  wound  back  of  R  thigh  just  above  knee.  Foot -drop. 
Aug. — Paralysis  external  popliteal,  with  R  D  and  anaesthesia.  Sept. — Muscles  recovering.  A'of. 
— Fair  V^  P.     Transferred. 

Summary. — Fair  recovery  5  months  after  injury. 

Case  121. — Dec,   1916. — Perforating  wound  back  of  upper  L  thigh.  Jan.,  1917. — Weak 

V  P  all    muscles  except  tibialis  anticus,  which  shows  R  D.    Small  area  of  sensory  loss  in  sole. 
Tenderness  in  course  of  nerves.         March. — Transferred. 
Summary. — Transferred  without  operation. 
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Case  122. — Sept.,  1915. — Wound  L  thisrh  in  lower  third.  Fractured  femur.  Nov. — Bone 
united.  Feb.,  1916. — External  popliteal  paralysis,  witli  J{  1)  and  una'sthesia.  Ulay. — Slight 
V  P.  Sensation  recovering.  July. — Power  improving.  No  sensory  loss.  Aug. — Complete 
recovery. 

Summary. — Complete  recovery  11  months  after  injtiry. 
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SUTURE    OF    THE    MUSCULOSPffiAL    NERVE:     THREE    CASES. 

By    Captain    G>\'\'XXE    WILLIAMS,    R.A.M.C.  (T.),    London. 

The  following  cases  show  the  completeness  with  which  motor  recovery  takes  place  after 
suture  of  the  musculospiral  nerve,  and  accord  with  the  general  impression  as  to  the 
results  of  suture  of  this  particular  nerve.  They  are  brought  forward  because  they  show 
the  rate  of  recover\'  of  the  nerve  and — by  the  order  in  which  recovery-  of  the  muscles  takes 
place — emphasize  the  progressive  down-growth  of  the  axis-cylinder.  They  are  also  put 
forth  as  offering  a  hypothesis  to  explain  the  difference  in  the  results  of  suture  in  the 
musculospiral  as  opposed  to  other  nerves. 

The  technique  of  the  operation  has  in  every  case  been  quite  simple,  the  nerve  ends 
being  brought  together  without  any  tension  by  a  single  catgut  suture  through  the  substance 
of  the  nerve.  The  line  of  suture  has  been  wrapped  round  with  subcutaneous  fat. 
Precautions  were  taken  to  prevent  any  tension  on  the  union  until  a  month  had  elapsed. 
In  all  cases  the  muscles  paralyzed  were  relaxed  by  an  extension  splint.  In  Cases  1 
and  3  the  fingers  were  kept  extended  from  the  first  ;  but  in  Case  2  this  was  not  done 
until  the  radial  extensors  had  recovered  ;  this  helped  to  prevent  the  stiffness  of  the 
metacarpophalangeal  joints,  which  is  liable  to  occur  as  a  result  of  prolonged  extension 
of  the  fingers  even  when  massage  and  movements  are  used  daily.  In  Case  1  no  other 
treatment  was  carried  out,  but  in  Cases  2  and  3  massage  and  galvanism  were  employed. 

Case  1. — .1.  M.,  a»e  1.5,  came  under  my  care  at  University  College  Hospital,  on  Oct.  2,  1916, 
havinj;  cut  his  right  arm  just  above  the  ell>ow-joint  a  month  before.  The  wound  was  not  quite 
healed,  and  there  was  complete  musculospiral  paralysis.  The  muscles  were  relaxed  by  an  extension 
splint,  but  no  recover>-  having  taken  place  by  Dec.  24,  1916,  the  ner\e  was  explored. 

Opkration. — The  ends  of  the  nervCwere  separated  by  about  one  inch  ;  they  were  freshened, 
and  sutured  with  catgut,  the  line  of  suture  being  wrapped  in  subcutaneous  fat. 

The  radial  extensors  recovered  by  April  12,  1917.  I  did  not  see  the  patient  again  until  May  14, 
when  the  extensors  of  the  fingers  had  recovered.  On  June  10  the  extensor  longus  pollicis  showed 
definite  voluntary  movements.  The  after-treatment  consisted  entirely  of  relaxation,  since  the 
patient  was  unable  to  attend  for  massage  and  galvanism. 

Case  2. — B.  Gimshot  woimd,  March  23,  1917,  invohing  the  right  musculospiral  in  the  middle 
of  the  upper  arm.     The  wound  took  some  time  to  heal. 

Operation. — Sept.  3.  The  nerve  was  found  to  be  completely  interrupted  ;  both  ends  were 
fireshened,  and  sutured  with  catgut,  the  line  of  suture  being  wrapjied  in  suljcutaneous  fat. 

The  patient  was  not  seen  by  me  for  some  time,  but  says  that  he  noticed  recovery  of  the  wrist- 
drop at  the  end  of  Feb.,  1918.  I  saw  him  on  March  4,  and  the  radial  extensors  had  recovered.  On 
May  7  I  received  a  report  from  Dr.  Murray  Levick  that  there  was  voluntary  movement  in  the 
extensor  communis  digitorum  and  the  extensor  ossis  metaearpi  pollicis,  but  not  in  the  extensor 
longus  pollicis.  On  June  25,  the  latter  muscle  showed  definite  voluntary  movement,  but  was  not 
very  strong.     The  after-treatment  consisted  of  relaxation,  massage,  and  galvanism. 

Case  3. — J.  S.  M.  Gunshot  wound,  Nov.  5,  1916,  involving  the  musculospiral  and  musculo- 
cutaneous nerves  at  the  outlet  of  the  axilla  on  the  left  side.     No  suppuration. 

Operation. — Jan.  6,  1917.  The  musculospiral  was  found  to  be  completely  interrupted  by 
scar  tissue  ;  this  was  excised  and  the  nerve  sutured  with  catgut,  the  suture  line  being  covered  by 
a  sheath  of  subcutaneous  fat.  The  musculocutaneous  was  fixed  by  scar  tissue,  from  which  it  was 
released,  and  the  nerve  wrapped  in  fat. 

Movement  in  the  biceps  was  first  noticed  on  Feb.  22,  1917.  In  July,  movement  was  suspected 
in  the  extensors  of  the  wrist,  and  by  the  middle  of  September  the  hand  could  be  supported,  the 
extensor  carpi  radialis  longior  acting  well.  Extension  of  the  little  finger  was  noticed  by  Dec.  15  ; 
by  Christmas  the  middle  and  ring  fingers  had  recovered,  and  the  index  began  to  move  about 
Jan.  16,  i.e.,  a  year  after  the  operation.  At  the  end  of  Februarj-  there  was  a  faint  sign  of  move- 
ment in  the  extensor  longus  pollicis. 

These  facts  as  to  recoverv'  have  been  sent  me  by  the  patient  from  Australia  ;  I  have  not  seen 
them  myself.     The  treatment  was  relaxation,  massage,  and  galvanism. 

It  will  be  seen  that  recoveiy  took  place  most  quickly  in  Case  1,  where  the  lesion  was 
most  peripheral,  and  that  it  was  slower  when  the  lesion  was  higher  up.     Thus  the  distance 
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of  the  line  of  suture  from  the  elbow-joint,  which  corresponds  roughly  with  the  entrance 
of  the  branches  into  the  radial  extensors,  was  in  Case  1  one  inch,  in  Case  2  three  inches, 
and  in  Case  3  seven  inches,  while  recovery  was  noticed  in  these  muscles  in  three  and  a  half, 
six,  and  eight  months  respectively. 

The  next  group  of  muscles  to  show  recovery  is  the  extensor  communis  digitorum, 
which  the  posterior  interosseous  nerve  supplies  immediately  it  has  passed  through  the 
supinator  brevis  ;  the  times  of  recovery  in  this  muscle  group  being  five,  eight,  and  twelve 
months.  The  last  muscle  to  recover  in  each  case  was  the  extensor  longus  pollicis,  in  six, 
ten,  and  fourteen  months  respectively  ;  the  nerve  to  this  muscle  is  a  long  branch  which 
enters  the  muscle  about  5  in.  distal  to  the  elbow-joint. 

Circumstances  have  necessarily  rendered  any  more  exact  investigation  of  these  cases 
difficult  ;  but  the  facts  that  have  been  presented  show  that  recovery  in  any  muscle  is 
proportional  to  the  distance  of  the  lesion  from  the  entry  of  the  nerve  into  the  muscle, 
and  that  the  rate  of  growth  of  the  axis-cylinder  is  about  one  inch  in  a  month. 

These  three  are  the  only  cases  of  suture  of  the  musculospiral  nerve  which  I  have  been 
able  to  follow  up  in  any  way,  and  at  first  I  was  surprised  at  the  completeness  of  their 
recovery,  since  there  was  no  difference  in  the  technique  of  the  operation  which  was  in  any 
way  likely  to  account  for  their  success.  Secondary  suture  of  a  nerve  has  always  been 
regarded  as  unsatisfactory,  and  it  seemed  extraordinary  that  three  consecutive  cases  should 
succeed.  Reports  of  cases  from  other  sources  soon  showed  that  suture  of  the  musculo- 
spiral nerve  gave  very  satisfactory  results,  so  there  must  be  some  reason  why  the  musculo- 
spiral nerve  differs  from  other  trunks  such  as  the  median  and  ulnar,  where  the  recovery 
is  very  seldom  complete.  The  only  difference  in  the  after-treatment  usually  carried  out 
was  that  in  the  case  of  the  ulnar  and  median  it  was  very  difficult  to  relax  the  muscles 
of  the   hand   satisfactorily  ;    I  tried  various  devices,  but  without   success. 

I  therefore  conclude  that  it  must  be  the  composition  of  the  nerve  that  made  the 
difference.  The  musculospiral  trunk  is  almost  entirely  motor,  the  sensory  distribution 
being  not  only  small  in  area,  but  the  area  is,  relative  to  the  median  and  ulnar,  of  slight 
importance,  so  that  the  sensory  nerve  fibres  are  probably  very  few. 

Any  given  axis-cylinder  starting  out  from  the  upper  end  of  the  divided  musculospiral 
nerve  is  almost  certain  to  find  its  way  down  a  motor  path  ;  whereas  with  a  mixed  nerve, 
such  as  the  ulnar,  if  we  presume  that  the  motor  and  sensory  fibres  are  equal  in  number, 
the  chances  of  a  motor  or  sensory  fibre  finding  its  proper  destination  are  about  50  per  cent. 
There  is  no  evidence  that  a  motor  fibre  can  pick  out  a  motor  path,  or  a  sensory  fibre  a 
sensory  path,  and  it  would  be  expected  that  each  fibre  would  take  the  path  that  was 
nearest.  The  deduction  from  this  would  be  that  a  purely  motor  nerve  or  a  purely  sensory 
nerve  should  recover  almost  completely  after  a  satisfactory  suture,  and  in  a  mixed  nerve 
the  recovery  might  reach  completeness  if  the  approximation  of  the  sections  of  the  nerve 
was  topographically  accurate  ;  but  unless  this  rather  improbable  condition  of  affairs  was 
brought  about,  the  sensory  and  motor  recovery  would  both  be  partial. 

Further,  it  might  be  said  that  if  the  suture  of  a  purely  motor  nerve  fails  on  one 
occasion,  there  seems  no  reason  why  it  should  not  be  undertaken  again,  unless  it  can  be, 
shown  that  there  is  a  time  limit  after  which  the  axis-cylinders  will  not  grow  down  the 
nerve  peripheral  to  the  section.  The  results  in  a  mixed  nerve  might  be  improved  if  it 
were  possible,  by  knowledge  of  the  topographical  arrangement  of  the  various  nerve 
bundles  in  a  trunk,  to  approximate  the  ends  more  accurately  :  it  is  possible  to  do  this 
roughly  in  the  upper  part  of  the  sciatic,  but  it  is  doubtful  if  it  could  be  done  in  the 
median  or  ulnar,  displaced  as  they  frequently  are  by  dense  scar  tissue. 

The  proof  of  this  hypothesis  would  require  an  extensive  series  of  observations  on 
the  relative  motor  and  sensory  composition  of  nerve  trunks  and  the  results  of  suture. 
Light  would  be  thrown  on  the  question  by  cases  of  suture  of  the  facial  and  hypoglossal 
nerves.  If  shown  to  be  true,  it  would  be  an  important  factor  in  determining  the  prognosis 
of  nerve  injuries. 

I  have  to  thank  Colonel  Bruce  Porter  for  permission  to  publish  Cases  2  and  3,  which 
came  under  my  observation  at  the  3rd  London  General  Hospital. 
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SOME    NOTES    ON    OPERATIVE    PROCEDURE    IN    NERVE 

INJURIES. 

By  ROBERT   KENNEDY,  Glasgow. 

Ix  operations  for  the  restoration  of  damaged  nerves  there  are  many  conditions  wliich 
must  be  present  before  a  successful  result  can  be  looked  for.  Where  there  is  evidence  of 
damage  to  a  nerve  trunk,  and  an  open  wound  or  a  septic  sinus  exists,  the  first  step  is  to 
get  the  wound  or  sinus  healed  by  ordinary  surgical  treatment.  After  the  part  is  healed 
completely,  and  a  sufficient  time  has  elapsed  for  the  scar  to  be  safely  dealt  with,  the 
question  of  operation  may  be  considered. 

When  the  time  for  operation  arrives,  there  are  certain  conditions  which  must  be 
obsers'ed  before  a  successful  result  may  be  prognosed.  Thus,  in  the  case  of  the  nerve 
having  been  severed,  it  is  necessary  to  find  the  two  separate  segments.  These  again  must 
be  healthy  or  undamaged  by  inflammator\'  processes,  excepting  in  so  far  as  the  ends 
are  affected  by  scar  formation.  The  exposure  of  the  nerve  segments  should  be  made 
above  and  below  the  seat  of  injury,  in  accordance  with  the  anatomical  indications. 
After  the  central  and  peripheral  segments  have  been  found,  they  should  be  traced 
downwards  and  upwards  respectively  towards  the  seat  of  injur\'.  Any  attempt  to  cut 
directly  into  the  damaged  part  is  apt  to  lead  to  a  long  and  futile  search  for  the  nerve 
ends.  Cutaneous  scars  over  the  seat  of  injur\-  of  the  nerve  should  be  removed  if  possible 
by  joining  the  two  incisions  made  above  and  below  by  an  elliptical  incision  encircling 
the  scar,  so  as  to  effect  the  removal  of  the  cutaneous  along  with  the  underlying  scar. 

In  the  vast  majority  of  cases  both  segments  of  the  nerve  trunks  when  exposed  are 
found  to  have  a  greater  diameter  than  the  nerve  when  normal.  Usually  this  need  give  no 
concern — the  thickening  is  due  to  oedema  of  the  nerve  trunk,  and  does  not  appear  to 
affect  the  result.  Certain  thickenings  of  the  ner\-e  are,  however,  of  a  different  nature, 
and  have  a  serious  effect  on  the  outlook.  The  nerve  trunk  may  be  found  inflamed, 
appearing  dusky-red  with  dilated  vessels,  and  this  condition  is  associated  with  pain  of  a 
very  severe  nature.  In  such  cases  the  best  treatment  consists  of  incisions  into  the 
thickened  and  inflamed  trunk,  made  in  a  longitudinal  direction  to  avoid  injury  to  the 
ner\'e  fibres.  Should  the  trunk  have  been  extensively  damaged,  and  be  now  found 
thickened  with  scar  formation,  the  prosj>ects  of  a  satisfactory  result  are  extremely  bad. 
These  cases,  however,  are  verj'  exceptional,  and  in  the  majority  the  two  segments  are 
all  right  except  at  the  seat  of  section.  As  a  rule  there  is  practically  no  difference  in 
the  thickness  of  the  central  and  peripheral  trunks. 

WTien  the  nerve  ends  have  been  dissected  out,  they  may  be  found  in  various 
conditions.  The  severance  may  have  been  complete,  with  no  reunion.  Both  ends 
may  present  bulbs,  that  on  the  central  end  being  usually  the  larger.  Both  ends  may  be 
without  bulbs,  but  terminate  in  tapering  ends  involved  in  scar.  Sometimes  the  central 
end  presents  a  bulb  and  the  p>eripheral  a  tapering  termination.  Sometimes,  again,  a  kind 
of  reunion  has  been  effected  between  the  two  ends  ;  this  may  occur  as  a  strand  of  much 
greater  tenuity  than  the  nerve,  or  it  may  present  a  swelling  considerably  thicker  than 
the  nerve.  Sometimes  two  ner\'es  in  close  approximation  have  been  divided,  and  the 
ends  have  united  in  a  cross — or  more  frequently  one  central  end  has  become  joined  to 
the  peripheral  end  of  the  other  nerve,  the  two  remaining  ends  being  ununited.  A  nerve 
and  tendon  may  have  been  simultaneously  severed,  and  the  central  end  of  the  ner\-e  be 
found  to  have  united  firmly  with  the  peripheral  end  of  the  tendon,  or  vice  versa. 
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In  order  to  test  the  conductivity  of  tlie  nerve,  an  electrical  interrupted  current  may 
now  be  applied  to  the  exposed  nerve  trunk  by  a  sterilizable  electrode.  The  application 
should  be  made  as  soon  as  the  nerve  is  exposed,  before  any  manipulation  of  it  has 
taken  place,  and  may  be  repeated  from  time  to  time  as  different  jiarts  are  brought  into 
view.  The  presence  of  conductivity  is  shown  by  contraction  of  the  muscles  supplied 
by  the  nerve.  When  the  entire  distribution  of  the  nerve  trunk  has  been  found  to  be 
affected  before  the  operation,  it  is  very  seldom  that  the  electrical  stinudi  produce  any 
muscular  contractions  ;  but  in  certain  cases  where  the  trunk  has  only  been  partially 
damaged,  or  reunion  has  been  partially  effected,  it  may  serve  to  show  to  what  extent 
the  nerve  is  conducting.  The  current,  to  begin  with,  should  be  the  smallest  necessary  to 
evoke  a  contraction  ;  and  it  will  be  found  that  the  nerve  trunk,  when  irritable,  can  be 
stimulated  at  different  points  in  the  circumference,  with  different  contractions  resulting, 
the  fasciculi  supplying  different  groups  of  muscles  being  thus  capable  of  being  separately 
stimidated  by  a  current  not  strong  enough  to  stimulate  the  entire  trunk.  Before  being 
applied  to  the  nerve,  the  electrode  should  be  tested  on  an  exposed  muscle  in  the  vicinity 
in  order  to  see  the  amount  of  current  passing. 

Before  dealing  with  the  ends  of  the  severed  nerve,  it  is  necessary  to  pay  attention 
to  the  surroundings  of  the  nerve  trunk.  If  these  consist  of  dense  scar,  the  scar  masses 
must  be  cut  away  so  as  to  leave  normal  tissue  for  the  sutured  nerve  to  lie  in.  Any  neglect 
of  this  will  end  in  failure  ;  and  should  it  be  impossible  to  leave  the  nerve  in  healthy 
surroundings,  a  bad  prognosis  should  be  given.  The  same  applies  in  the  case  of  a  nerve 
damaged  in  a  part  which  has  dense  surroundings  naturally,  being  confined  in  a  narrow 
space.  The  most  frequently  occurring  example  of  this  is  the  ulnar  nerve,  when  damaged 
behind  the  elbow,  where  it  is  lodged  behind  the  internal  epicondyle  in  a  sulcus  having  for 
its  boundaries  the  internal  epicondyle  and  the  olecranon  process  of  the  ulna.  In  this 
case  it  is  probably  impossible  to  get  a  satisfactory  result  unless  the  nerve  is  dislodged 
entirely  from  its  position  behind  the  epicondyle  and  fixed  in  front  of  the  epicondyle  and 
under  cover  of  the  humeral  origin  of  the  flexor  carpi  ulnaris  where  it  is  not  confined  by 
bony  surroundings.  The  reason  is  that  the  enlargement  which  forms  at  the  seat  of  suture 
compresses  itself  against  the  rigid  boundaries  of  the  sulcus  and  thus  prevents  conductivity 

Where  the  loss  of  conductivity  has  been  due,  not  to  section,  but  to  compression  by 
cicatricial  tissue  or  otherwise,  attention  must  be  directed  entirely  to  the  surroundings 
of  the  nerve,  and  on  dissecting  out  the  compressed  trunk  and  ascertaining  that  it  is  intact, 
it  only  remains  to  dissect  the  cicatricial  tissue  away  :  the  removal  must  be  thoroughly 
done,  otherwise  recurrence  of  the  compression  will  probably  take  place.  When  this  is  not 
possible  for  any  reason,  the  prognosis  is  not  good.  In  some  cases  the  compression  has 
been  so  severe  that  the  nerve  on  removal  of  the  scar  shows  a  constriction  over  the 
entire  extent  of  the  compression  ;  at  other  times  the  compressing  ring  has  been  so  narrow 
that  a  furrow  surrounding  the  nerve  is  all  that  shows  the  site  of  the  compression  on 
removal  of  the  cicatrix.  Should  the  perineurium  be  intact,  such  compression  furrows 
or  constriction  do  not  call  for  excision,  for  the  nerve  will  recover  quite  well.  The  con- 
striction is  not  really  so  deep  as  it  appears,  owing  to  the  ccdematous  condition  of  the 
nerve  trunk  above  and  below,  which  has  not  been  under  compression. 

The  next  step  is  to  determine  the  possibility  of  getting  the  segments  to  meet.  This 
should  be  done  before  the  nerve  ends  are  prepared  for  suture,  as  otherwise  the  manipu- 
lation necessary  to  make  them  meet  might  so  damage  the  freshly  prepared  ends  as  to 
endanger  the  result.  At  times  they  meet  quite  easily,  but  in  other  cases  it  is  quite 
impossible  to  get  them  to  do  so.  If  the  nerve  has  simply  been  shot  through  with  a 
bullet,  there  is  no  difficulty  ;  the  ends  may  have  retracted  some  distance,  but  this  can 
be  overcome.  In  other  cases,  however,  such  as  shell  wounds  where  a  large  piece  of 
the  nerve  has  been  shot  away,  or  where  a  septic  condition  has  resulted  in  the  sloughing 
of  a  large  piece  of  the  nerve,  it  may  be  impossible  to  bring  the  ends  together. 

If  the  ends  do  not  come  into  apposition  easily,  various  procedures  may  be  adopted. 
Care  should  be  taken,  first  of  all,  to  see  that  the  segments  of  the  nerve  trunk  are  not 
caught   in  a  cicatrix  further  up,  or  down  ;   this  is  often  the  cause  of  the  difficulty  in 
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making  the  ends  meet,  and  when  this  cicatrix  is  cut,  contact  is  easily  made.  Should  this 
not  be  the  cause,  then  see  if  relaxation  of  the  nerve  can  be  obtained  by  a  movement  of 
the  joints  above  and  below  the  seat  of  nerve  section.  In  the  sciatic,  coaptation  may 
be  effected  quite  easily  with  the  knee  flexed,  when  separation  by  a  considerable  distance 
would  be  the  result  in  the  extended  position  ;  in  such  a  case  the  nerve  is  sutured  with  the 
knee  flexed,  and  the  flexion  position  is  maintained  until  the  wound  is  healed,  after  which 
the  limb  is  gradually  extended  and  the  nerve  stretched  without  harm.  This  is  also  the 
case  with  the  median  and  musculospiral  in  the  arm  by  flexion  of  the  elbow,  and  with 
the  median  and  ulnar  in  the  forearm  by  flexion  of  the  wrist.  Flexion  or  extension  of  the 
elbow  has  little  effect  on  the  ulnar  in  the  arm.  In  the  case  of  the  median,  ulnar, 
and  musculospiral  in  the  arm,  adduction  of  the  arm  causes  relaxation.  This  is  not  so 
noticeable  in  the  musculospiral  on  the  outer  aspect  of  the  arm,  where  the  limb  is  adducted 
when  the  nerve  is  being  exposed  ;  but  in  the  case  of  the  median,  ulnar,  musculocutaneous, 
and  musculospiral  in  its  upper  part,  the  limb  may  be  j>ostured  for  the  operation  in  a 
position  of  abduction,  even  to  a  right  angle  ;  this  should  be  remembered  if  any  difficulty 
of  approximation  arises,  as  the  operation  can  be  finished  with  the  limb  adducted,  and 
thereby  great  relaxation  of  the  nerve  trunks  will  be  obtained.  In  all  cases  where  the 
ends  of  a  severed  nerve  are  being  approximated  by  means  of  flexion  of  a  joint,  it  must 
be  carefully  kept  in  mind  that  no  relaxation  must  be  i>ermitted  imtil  the  wound  is  healed. 
The  danger  lies  in  an  extension  movement  being  inadvertently  made  by  the  assistant 
who  is  holding  the  limb  in  the  flexed  position  ;  and  it  is  necessarv'  to  watch  that  this  is 
not  done,  or  the  nerve  ends  may  thereby  be  torn  asunder.  When  the  brachial  plexus  is 
being  dealt  with  above  the  clavicle,  relaxation  of  the  nerve  trunks  is  brought  about  by 
raising  the  shoulder  and  abducting  the  head  on  the  side  of  operation  ;  this  may  enable 
a  gap  to  be  bridged  and  a  suture  to  be  tied  ;  the  position  must,  of  course,  be  maintained 
by  an  appropriate  splint  throughout  the  healing  of  the  wound. 

In  the  event  of  the  necessary  relaxation  not  being  thus  attained,  stretching  of  the 
nerve  trunk  should  be  tried ;  but  this  should  not  be  done  until  it  is  ascertained  that  less 
forcible  methods  fail,  as  it  is  a  good  principle  in  all  operations  on  the  ner^'cs  to  use  as 
little  force  as  possible,  and  to  conduct  every  procedure  with  the  utmost  gentleness.  But 
the  ends  must  be  induced  to  meet  if  possible. 

In  stretching  the  ner\-e  trunk,  the  method  of  procedure  is  to  grasp  the  nerve 
with  a  piece  of  gauze,  and  make  steady  traction,  aNtiiding  any  sudden  movement, 
and  being  most  careful  not  to  allow  the  grasp  to  slip  along  the  nerve  :  this  is  harmful 
from  the  irritation  which  it  causes  by  damaging  the  surface  of  the  jjerineurium,  with 
the  further  possibility  of  dense  adhesions  forming  along  the  nerve  trunk.  If  the 
traction  is  excessive,  then  rupture  of  the  nerve  fibres  may  occur,  but  it  is  astonishing 
how  much  traction  can  be  borne  without  this  accident.  Any  op>erator  may  satisfy 
himself  on  this  p)oint  should  he  meet  with  a  case  where  partial  reunion  has  occurred  in 
a  motor  or  mixed  nerve  and  some  of  the  muscles  have  recovered  a  partial  nerve-supply. 
Here  the  only  satisfactory  method  of  treatment  is  excision  of  the  cicatricial  segment 
and  suture  ;  but  in  certain  of  these  cases  the  reuniting  segment  which  requires  excision 
is  so  long  that  stretching  may  be  necessarj'  to  effect  apposition.  In  such  conditions  the 
application  of  the  electrode  to  the  distal  segment  will  show  at  certain  points  responses 
in  the  muscles,  and  these  can  be  re-examined  after  each  stretch.  It  will  then  be  found 
that  the  ordinary  stretching  necessary  to  effect  considerable  elongation  does  not  rupture 
the  fibres,  as  the  muscles  continue  to  give  their  resp)onses.  This  is  just  what  might 
be  expected  from  what  we  know  of  the  condition  of  ner\'e  fibres  in  severed  nerves.  If 
a  portion  of  a  nerve  tnmk  is  excised  and  prepared  for  microscopical  examination,  longi- 
tudinal sections  always  show  the  fibres  to  follow  an  undulating  or  zig-zag  course  ;  and  if 
preparations  are  desired  showing  the  nerve  fibres  running  a  straight  course,  it  is  necessary 
to  put  the  portion  of  nerve  on  the  stretch  when  it  is  fresh,  and  to  keep  it  stretched  while 
fixing.  It  is  this  undulating  course  of  the  fibres  in  a  severed  nerve  which  permits  of  so 
much  stretching  of  the  nerve  trunk  without  rupture. 

Stretching  presents  unusual  difficulties  in  the  case  of  the  cords  of  the  brachial  plexus 
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above  the  clavicle.  Many  years  ago,  in  dealing  with  cases  of  Duchenne's  paralysis,  whicli 
is  due  to  rupture  or  cicatricial  compression  of  the  fifth  and  sixth  cervical  nerves  at  their 
junction  in  the  plexus,  I  found  this  difficulty  very  great.  These  trunks  are  often  fixed 
in  a  cicatrix  over  a  considerable  area,  and  it  is  necessary  to  work  in  a  small  space  above  the 
clavicle.  Section  of  the  clavicle  would  give  freer  access,  but  is  a  most  undesirable  comj)licH- 
tion  of  the  operation.  The  nerve  trunk,  once  exposed,  has  to  be  fixed  while  being  cleared 
of  cicatrix,  and  I  found  that  when  I  fixed  the  scar  with  forceps  while  the  nerve  was  being 
put  on  the  stretch  for  clearing  adhesions,  the  cicatrix  became  torn  and  finally  ruptured, 

after  which  the  completion  of  the  operation  was 
difficult.  I  therefore  devised  a  nerve  stretcher 
which  I  have  since  found  of  great  help  in  suitable 
cases — viz.,  those  where  the  ends  of  the  nerve  are 
imited  in  cicatrix  which,  while  reuniting  the  ends, 
permits  no  efficient  conductivity,  and  which  must 
therefore  be  excised.     The  instrument,  as  shown  in 

, Fig.  288,  consists  of  a  piece  of  thin  steel  cut  in  the 

I  cil^     shape    of  a   cross,    each    arm    terminating    in    two 

'  prongs  with  bulbous   ends. 

The  breadths  of  the  arms 
"at  their  terminations 
measure  respectively  J  in., 
I  in.,  J  in.,  and  f  in.  The 
prongs  are  intended  to  be 
placed  astride  the  cicatrix, 
t'H!.  288.  and  on  rotating  the  instru- 

ment, as  shown  in  Fig.  289, 
the  nerve  is  efficiently  put  on  the  stretch  with  no  damage  to  the 
nerve  itself,  only  the  cicatrix  being  pressed  upon,  and  this  is  to 
be  excised  before  suture,  at  the  points  A  and  B.  On  stretching 
the  nerve,  the  adhesions  are  drawn  taut,  and  fly  asunder  on 
being  touched  with  the  knife.  At  the  same  time  the  distal  end 
of  the  nerve  is  drawn  up  into  approximation  with  the  central. 
The  different  spacing  between  the  prongs  adapts  the  instrument 
to  different  lengths  of  cicatrix,  and  the  bulbous  ends  prevent 
the  instrument  from  slipping  once  it  has  grasped  the  cicatrix. 

Another  procedure  which  may  be  adopted  to  effect  approxi- 
mation of  the  nerve  ends  is  frequently  applicable  to  the  ulnar 

when  wounded  in  the  arm  or  forearm.  This  depends  on  the  fact  that  the  ulnar  is  very 
greatly  relaxed  when  displaced  from  the  sulcus  to  a  position  in  front  of  the  internal 
epicondyle  of  the  humerus,  and  wide  gaps  between  the  nerve  ends  can  thus  be  over- 
come. It  is  done  by  making  an  incision  over  the  ulna  at  the  elbow  and  dissecting  an 
anterior  flap  forwards.  The  ulnar  is  then  made  to  follow  a  course  between  the  muscles 
arising  from  the  internal  epicondyle.  This  is  sometimes  done  by  dissecting  out  the 
distal  end  of  the  ulnar,  when  the  lesion  is  in  the  arm,  and  passing  it  through  between 
the  muscles  into  the  arm  ;  in  other  cases  by  incising  the  humeral  origin  of  the  flexor 
carpi  ulnaris,  placing  the  nerve  in  position,  and  then  suturing  the  muscle  over  the  nerve. 
Should  the  nerve  ends  only  meet  with  difficulty,  showing  much  strain,  it  is  better 
to  fix  them  not  quite  in  contact,  rather  than  that  the  ends  should  be  overstrained. 
In  such  cases  good  results  are  obtainable  in  spite  of  the  fact  that  the  approximation 
has  not  been  absolute. 

But  there  are  cases  in  which  no  possibility  of  any  reunion  can  be  entertained,  so  great 
is  the  distance  between  the  ends.  Here  the  question  of  implantation  or  of  grafting  will 
arise,  both  of  them  procedures  fraught  with  difficulties.  It  has  been  proved  that  one  nerve 
can  take  the  place  of  another,  and  enable  function  to  be  carried  on  ;  but  the  result  is  never 
up  to  the  normal  standard  and  is  inferior  to  that  of  reunion.     It  has  been  proved  also 
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that  a  portion  of  nerve  when  excised  and  implanted  under  the  skin  in  another  part  of  the 
body  is  not  absorbed,  but  remains  as  a  piece  of  nerve.  Two  nerves  hke  the  median  and 
ulnar,  one  only  of  which  has  suffered  a  considerable  loss,  may  be  taken  as  an  example. 
The  sound  nerve  may  be  incised  transversely,  to  the  extent  of  about  a  third  of  its  thickness, 
at  two  p>oints  separated  widely  enough  to  p)ermit  the  central  and  peripheral  ends  of  the 
damaged  nerve  to  be  stitched  in  without  tension.  It  is  possible  that  the  fasciculi  cut 
may  be  mainly  sensory  fibres,  but  that  should  not  matter,  as  they  are  merely  wanted  to 
connect  the  two  ends  of  the  damaged  nerve,  and  ought  to  ser\-e  this  purpose  equally 
well  whether  sensory-  or  motor.  It  would  be  different  in  the  case  of  an  anastomosis,  say, 
between  the  damaged  facial  nerve  and  the  sound  spinal  accessory  nerve,  for  there  the 
central  end  of  the  facial  is  not  available,  and  therefore  the  entire  spinal  accessory  must 
be  cut  across  to  give  a  share  of  all  the  motor  fibres.  The  same  would  apply  to  the 
principle  of  anastomosis  performed  in  any  nerve.  The  objection  to  the  method  is  the 
cutting  across  of  sound  nerve  fibres  ;  but  this  is  necessary  if  the  method  is  to  have  a  chance. 
The  plan  advocated  by  some  of  making  a  longitudinal  incision  in  the  sound  ner\'e  is,  of 
course,  quite  useless,  as  it  sections  very  few — a  quite  negligible  number — of  sound  nerve 
fibres,  and  consequently  there  is  nothing  available  for  the  new  supply. 

In  the  event  of  complete  section  of  the  nerve,  the  next  step  in  the  operation  is  to 
•freshen  the  ends"  preparatory-  to  suture.  This  term,  which  is  frequently  used,  is  apt 
to  give  rise  to  a  misconception  as  to  what  is  to  be  done.  The  word  "freshening"  would 
indicate  the  removal  of  the  surfaces  in  a  wound  so  as  to  prepare  the  way  for  the  imion 
of  fresh  surfaces  ;  but  in  the  case  of  the  ends  of  a  nerve  which  has  been  divided  and  has 
not  reunited,  or  which  has  reunited  by  a  cicatrix  which  does  not  conduct  nerve  impulses, 
the  freshening  required  is  the  removal  of  all  new  formation,  whether  neuroblastic  or  fibro- 
blastic in  origin.  In  all  cases  it  is  most  essential  to  see  the  normal  appearance  of 
the  fasciculi  in  the  nerve  section,  and  slice  after  slice  must,  if  necessary, 
be  cut  from  the  nerve  end  until  this  is  attained,  not  only  in  the  central 
but  also  in  the  peripheral  end.  The  appearance  is  usually  typical — the 
fasciculi  projecting  out  from  the  jierineurium  in  the  form  of  small  cylin- 
drical processes  {Fig.  290).  When  this  is  seen,  all  is  satisfactory  as  far 
as  the    nerve    end  is  concerned.     Sometimes,   however,  the  appearance  is  fig.  290. 

slightly  different,  and  the  fasciculi  appear  larger,  do  not  project  beyond 
the  surface,  and  have  a  glair\-  look  ;  this  is  due  to  oedema,  and  is  also  quite  satisfactory. 
Sometimes  one  is  tempted  to  stop  the  slicing  process  before  these  appearances  are  seen, 
because  of  the  difficulty  in  getting  the  two  ends  to  meet  ;  but  the  temptation  must  be 
resisted,  for  if  nerve  ends  which  have  been  inadequately  prepared  are  united  by  suture, 
the  result  cannot  be  promising. 

Bulbous  ends  are  formed  partly  of  cicatricial  tissue  and  partly  of  young  nerve  fibres 
which  have  developed  outside  and  beyond  the  old  neurilemma  sheaths,  and  are  therefore 
disposed  tortuously.  It  is  not  safe  to  reunite  a  nerve  trunk  by  means  of  the  bulbs  ; 
some  result  might  be  obtained  in  this  way,  but  it  is  apt  to  be  imp>erfect  ;  the 
connective-tissue  element  in  the  bulb  may  contract  and  interfere  with  the  conductivity. 
It  is  therefore  right  to  remove  the  bulbs  entirely. 

Where  a  severed  nerve  is  joined  by  means  of  a  cicatrical  segment  blocking  the 
passage  of  impulses  completely  or  incompletely,  it  must  be  cut  out,  the  exact  point  of 
excision  above  and  below  being  determined  by  the  slicing  process  until  the  fasciculi  are 
exposed. 

Having  prepared  the  ends,  the  next  question  is  how  best  to  suture  them,  and  what 
material  to  use.  Since  it  is  necessary-  to  leave  some  foreign  matter  at  the  seat  of 
reunion  in  the  form  of  a  suture,  the  important  points  are  to  use  the  material  which  will 
cause  the  least  irritation,  and  to  use  the  smallest  possible  quantity  of  it.  The  idea  of 
enclosing  the  ends  in  a  membrane  to  prevent  interference  with  the  process  of  regeneration 
from  the  surrounding  fibroblasts  is  not  new,  having  been  employed  by  Vanlair  many  years 
ago  ;  more  recently  Cargile  membrane  has  been  largely  used  for  this  purpose.  The 
great  objection,  however,  to  such  procedures  is  that  the  foreign  material  left  at  the  seat 
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of  suture  is  considerable,  and  requires  either  to  be  absorbed  or  encapsuled  ;  both  of  these 
processes  are  accompanied  by  considerable  reaction,  and  this  may  result  in  now  formation 
of  connective  tissue  which  may  prevent  the  desired  result  by  its  contraction. 

Numerous  or  too  thick  sutures  are  objectionable  for  the  same  reason,  and  are  quite 
unnecessary.  The  nerve  ends  can  be  quite  sufficiently  coapted  by  a  sinjrle  fine  suture, 
passed  once  through  each  end,  and  tied  not  too  tightly,  but 
sufficiently  to  hold  the  two  surfaces  in  apposition  (Fig.  291).  The 
other  method  is  that  of  suturing  the  perineurium  only,  several 
sutures  being  placed  round  the  nerve  so  as  to  coapt  the  two 
Fi(i.  291.  ends   exactly  without  passing  through  the 

portion  of  the  trunk  transmitting  the 
nerve  fibres.  The  objections  to  the  perineural  suture  are  that 
more  material  is  left  at  the  seat  of  suture,  and  that  although  the 
periphery  is  closely  coapted,  the  two  surfaces  bounded  by  it  are 
not  .so  well   held  together  as  with  a  through-and-through  stitch,  m,;.  o.,._, 

and  may  be  separated  by  blood-clot  as  shown  in  Fig.  292. 

The  amount  of  damage  to  the  nerve  fibres  caused  by  a  single  through-and-through 
stitch  is  very  trivial,  and  can  be  reduced  to  a  minimum  by  the  use  of  the  special  needle 
represented   in  Figs.  293,  294.     This  needle  is  curved,  and  to  the  extent  of  one  third  of 

its  length  from  the  point  is  flattened  from  side  to  side  with 
a  cutting  edge  on  concavity  and  on  convexity.  About  one 
third  of  its  length  from  the  point  the  needle  gradually 
increases  in  breadth  so  as  to  permit  the  eye  to  be  made  in 
the  same  plane  as  the  two  cutting  edges.  Many  needles 
have  the  eye  passing  in  the  opposite  direction  to  the  cutting 
edges,  and  this  makes  a  great  difference  in  the  amount  of 
damage  which  the  thread  inflicts  on  the  nerve  during  the 
passage  of  the  threaded  eye.  The  nerve  is  transfixed  as 
shown  in  Fig.  294.  The  flat  needle  cannot  wound  many 
fibres  in  its  passage,  and  the  loop  of  suture  is  so  placed,  owing  to  the  direction  of  the 
eye,  that  it  easily  takes  the  slit  made  by  the  needle. 

The  thread  employed  in  the  suture  may  be  absorbable,  or  one  which  requires  to 
be  encapsuled.  If  the  former,  then  the  finest  catgut  should  be  chosen,  and  prepared 
by  some  method  which  renders  it  sterile  and  absorbable  in  fourteen  days.  I  have 
always  employed,  except  in  experimental  work  on  small  animals,  chromicized  catgut, 
specially  prepared  for  this  purpose  by  my  staff.*  In  the  case  of  extremely  fine  nerves 
in  experimental  work  on  monkeys,  where  the  finest  catgut  would  be  relatively  too  thick 
for  suture  of  the  nerve  without  causing  too  much  damage,  I  have  used  horsehair,  and 
found  it  very  successful.  The  nerves  reunited  functionally,  and  at  the  physiological 
examination  the  horsehair  was  found  encapsuled  at  the  seat  of  suture.  It  is  a  perfectly 
safe  suture,  and  could  well  be  used  instead  of  catgut  in  any  case. 

There  now  only  remain  a  few  general  considerations.  Nerve  regeneration,  whatever 
be  its  nature,  finds  without  any  doubt  the  greatest  bar  to  its  successful  accomplishment 
in  the  development  of  the  fibroblasts  into  fibrous  tissue.  This  has  not  only  an  antagonistic 
effect  on  the  process  of  regeneration,  but  a  destroying  effect  after  that  process  is  accom- 


FIG*.  -293,  29 «. 


*  The  raw  catgiit  is  loosely  wound  on  reels  made  of  glass  rods  bent  into  rectangles,  one  piece 
only  being  put  on  each  reel  so  as  to  allow  the  different  liquids  free  access  to  the  gut.  On  these 
reels  it  is  soaked  in  ether  for  twenty-four  hours  to  remove  fat,  and  then  dried  in  air.  It  is  now 
wjaked  in  0*  1  j>er  cent  aqueous  solution  of  chromic  acid  for  three  days,  and  then  washed  in  running 
water  for  two  or  three  hours  to  remove  all  unfixed  chromic  acid.  It  is  next  boiled  in  alcohol  in  an 
open  glass  t»ibe  for  one  hour — not  with  any  intention  of  sterilizing,  but  so  as  to  dislodge  all  the  air- 
bubbles  from  the  interior  of  the  gut  thread — and  then  allowed  to  cool  in  the  alcohol.  It  is  these  air-bubbles 
which  make  catgut  so  difficult  to  sterilize,  as  they  prevent  the  antiseptic  from  getting  access  to  the 
organisms  in  the  portion  of  the  gut  lodging  the  air- bubble.  The  gut  is  finally  soaked  in  20  per 
cent  carbolic  glycerin  for  a  few  days,  and  preserved  in  the  same  fluid  till  required  for  use.  Before 
use,   the   antiseptic   is   removed    by   soaking   the   gut   in   alcohol. 
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plished.  In  operative  work,  therefore,  everji:hing  which  tends  to  produce  scar  formation 
militates  against  success.  Aseptic  technique  of  a  high  standard  is  essential  if  good  results 
are  to  be  expected.  It  is  no  proof  to  the  contrary  if  a  case  of  nerve  suture  has  become 
septic  and  yet  a  good  result  has  followed  :  it  will  certainly  be  a  verj'  exceptional 
occurrence.  Therefore  the  greatest  care  to  prevent  the  entrance  of  organisms  into  the 
wound  is  a  rule  the  importance  of  which  cannot  be  overestimated,  in  order  to  leave  as 
little  sterilization  work  to  be  done  by  the  tissues  as  possible,  and  thus  require  the  mini- 
mum of  reaction  in  the  wound.  It  is  true  that  many  cases  of  subcutaneous  rupture 
of  nerves  are  met  with  in  which  no  recovery  of  function  takes  place,  although  no  bacteria 
have  been  at  work  at  the  seat  of  rupture  ;  but  in  these  cases  the  failure  to  unite 
functionally  is  due  to  the  same  cause — namely,  the  intensity  of  the  reaction,  leading  to 
the  formation  of  connective  tissue  which  contracts  and  prevents  conductivity  in  any 
ner\'e  fibres  which  may  have  regenerated.  This  reaction  is  not  due  to  micro-organisms, 
but  to  the  trauma  which  caused  the  rupture  and  the  processes  which  follow  thereon. 

For  the  same  reason  it  is  essential  that  all  manipulations  of  the  nerve  throughout 
the  operation  should  be  of  the  gentlest.  The  knives  should  be  as  sharp  as  possible, 
all  nerve  slicing  should  be  done  with  a  fresh  knife  which  has  not  been  used  since  it  was 
sharpened,  and  the  shcing  should  be  perfonned  with  a  gentle  sawing  movement  so  that 
the  fibres  sustain  as  little  damage  as  possible.  The  less  force  required  to  effect  all  the 
procedures,  the  more  likely  is  there  to  be  a  good  result.  This  is  the  chief  reason  why  it 
is  desirable  to  use  a  tourniquet,  applied  after  the  limb  has  been  emptied  of  blood  as 
completely  as  possible,  so  that  the  procedure  shall  be  bloodless.  The  bleeding  is  often 
considerable  in  these  cases,  particularly  if  there  has  been  much  scar  formation,  and  the 
constant  swabbing  which  is  required  to  keep  the  parts  clear,  and  the  application  of 
haemostatic  forceps  and  ligatures,  must  considerably  irritate  the  parts  in  which  the  newly- 
sutured  nerve  is  to  lie.  If  the  limb  is  properly  emptied  of  blood,  the  whole  procedure 
may  be  carried  out  in  a  much  shorter  time ;  and  there  is  no  need  for  swabbing,  and  con- 
sequently much  less  trauma.  Before  the  suture  is  completed,  if  there  is  any  chance  of 
damage  having  been  done  to  a  vessel  of  any  size,  the  tourniquet  may  be  removed,  the 
vessels  ligated  if  necessar\-,  and  then  the  nerve  operation  completed  and  the  wound 
closed  ;  but  in  the  absence  of  this  exceptional  circumstance,  the  best  way  is  to  close  the 
wound,  apply  the  dressing  firmly,  and  then  remove  the  tourniquet.  Any  blood  that 
oozes  from  the  capillaries  escapes  into  the  dressings  and  does  no  harm,  and  it  is  a 
very  rare  circumstance  for  there  to  appear  more  than  sufficient  to  stain  the  innermost 
dressing. 
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SHORT    NOTES     OF 
RARE     OR     OBSCURE     CASES. 


A    CASE    OF    GUNSHOT    INJURY    OF    MECKEL'S    DIVERTICULUM. 

By   Major   GORDON   TAYLOR,   R.A.M.C.  (T.C.) 

Pte.  W.  G.  E.,  was  admitted  into  a  casualty  clearing  station  in  the  spring  of  191S 
with  a  shell  wound  of  the  right  buttock,  but  with  obvious  signs  and  symptoms  of  a 
penetrating  injury  of  the  abdomen  ;    he  had  been  hit  six  hours  before. 

The  missile  was  found  to  have  entered  the  right  buttock,  and  to  have  opened  the 
right  side  of  the  perineal  portion  of  the  rectum  about  two  and  a  half  inches  from  the 
anus  ;  it  had  entered  the  right  infero-lateral  and  extra-peritoneal  wall  of  the  bladder, 
and  emerged  from  the  peritoneal  surface  of  this  viscus  at  the  junction  of  the  superior 
surface  and  the  base.  The  track  between  the  rectum  and  the  buttock  was  laid 
widely  open,  and  the  sphincter  divided.      The  wound  of  the  peritoneal  surface  of  the 

bladder  was  excised,  and  the  edges 
were  sutured  with  catgut  ;  the  cavum 
Retzii  was  drained  with  a  piece  of 
rubber  sheeting. 

There  were  sixteen  perforations 
of  the  ileum,  and  several  holes  in 
the  mesentery  ;  two  of  the  wounds 
in  the  bowel  were  along  the  mesen- 
teric attachment.  There  were  also 
two  small  woimds  in  a  Meckel's 
diverticulum  which  was  present.  It 
was  deemed  necessary  to  resect  the 
damaged  portion  of  the  ileum,  and 
the  resection  was  extended  down- 
wards so  as  to  include  the  portion 
of  bowel  to  which  the  diverticulum 
was  attached  ;  three-and-a-half  feet 
of  small  intestine  were  removed,  and 
The  Meckel  was  rather  under  one  inch  in  length, 
the  missile  had  perforated  it  near  Ihe  distal  end 
(Fig.  295).  In  spite  of  the  severity  of  his  injuries,  the  patient  made  a  good  recovery, 
and  was  evacuated  to  the  base  eleven  days  after  operation  ;  five  weeks  later  a  satis- 
factory account  of  his  progress  was  obtained. 

The  injury  cannot  be  a  very  common  one,  and  the  case  therefore  seems  worthy 
of  record. 

I  am  indebted  to  my  friend  and  colleague.  Captain  H.  T.  Andrew,  R.A.M.C,  for 
the  sketch  which  accompanies  this  note,  and  to  Colonel  L'Estrange,  R.A.M.C,  for  per- 
mission to  publish  the  notes  of  the  case. 


an   end-to-end  junction  was   made, 
and  somewhat  tri-lobed  at  the  end 
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A  CASE  OF  CONGENITAL  DEFECT  OF  THE  THORAX,  WITH 
SPRENGEL'S  DEFORMITY. 

By   Cait^ain    HAROLD    BURROWS,   R.A.M.C.  (T.F.) 

The  patient,  age  20,  is  a  private  in  the  machine-gun  corps.     In  peace  time  he  is  a  grocer's 
assistant.     All  his  life  he  has  noticed  a  bulging  of  the  left  chest  whenever  he  coughed, 


Fit;.  29t;. — !':ttieiit  » (n-ii  at  e;i><-.  i  uitliiits-  on 
rlie^t  demarcate  boundaries  of  defect  in  obest  wall  a:> 
elicited  by  palpation  and  verified  by  r^iosjram. 


KlO.  297. — -Sliows  p;»tiPMt  while  malriii;,'  a  fontil 
expiratory  elfwt.  _ 


but   he  has  not  experienced  any  particular  inconvenience  from  this.      He  was  able  to 
undergo  his  course    of  training   as  a   soldier,  and 
made  no  complaint  on  account  of  his  deformity, 
though  he  says  he  has  always  found  it  difficult  to 
carry  his  pack. 

On  examination  of  his  chest,  it  was  found 
that  the  left  anterior  chest  wall  is  defective,  con- 
siderable sections  of  the  second,  third,  and  fourth 
costal  cartilages  and  ribs  being  absent  {Figs.  296, 
297).  The  remaining  ribs  are  normal  in  number, 
position,  and  shape.  The  pectoralis  major  on  the 
affected  side  is  ill-developed  ;  otherwise  no  defect 
of  muscle  or  ner\-e  is  to  be  observed.  The  left 
nipple  is  smaller  than  the  right,  and  is  situated  at 
a  higher  level.  A  hernia  of  the  lung  is  ^^sible 
when  the  patient  coughs. 

On  viewing  the  patient  from  behind,  the  left 
shoulder  is  seen  to  be  hunched  up,  while  the  left 
scapula  is  slightly  smaller  than  the  right,  nearer 
to  the  vertebrae,  and  at  a  higher  level  {Fig.  298). 
The  scapular  muscles,  however,  appear  to  be  well 
developed,  though  the  posterior  superior  angle  of 
the  scapula  is  more  clearly  noticeable  on  the  left 
side  than  on  the  right.  There  is  a  lateral  curvature  of  the  spine,  with  the  maximum 
curve  in  the  dorsal  region,  the  convexity  being  directed  to  the  right. 


Fig.  298.— Back  view  of  patient. 
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The  left  chest  is  retracted  to  a  remarkable  degree,  as  shown  by  the  accompanying 
cyrtometer  tracings  {Figs.  299,  300,  301). 

My  colleague.  Lieutenant  S.  Owen,  informs  me  that  there  is  no  dextrocardia  or 
other  visceral  abnormality  to  be  found,  nor  are  there  any  congenital  defects  other  than 
those  already  mentioned 


Flo.  299. — Cyrtometer  tracing  at  level  of  first  interspace.     Circumferential  measurement :   R  =  20  in.     L  =  18}  in. 


FlO.  300. — Tracing  at  level  of  fourth  rib  'cartilage. 
B  =  18  in.     L  =  14J  in. 


Fig.  301. — ^Tracing  at  level  of  tip  of  eighth  cartilage. 
K  =  lojf  in.     L  —  Hi  in. 


The  case  is  remarkable  on  account  of  its  rarity,  and  also  because  the  patient  suffered 
so  little  inconvenience  from  his  abnormalities, 

I  am  indebted  to  Dr.  F.  Brigham,  of  Harvard  University,  for  the  photographs. 
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A     CASE     OF     TORSION     OF     THE     APPENDIX. 

By  JOHN  E.  PAYNE,  Torquay. 

There  appears  to  be  no  record  of  this  condition  in  the  many  works  on  the  appendix  ;  the 
following  case  may  therefore  be  of  interest. 

Mrs.  Z.,  a  nullipara,  age  37,  had  always  suffered  from  constipation,  the  bowels  some- 
times not  acting  for  seven  days. 

Ten  years  ago  she  had  a  sudden  attack  of  abdominal  pain  and  faintness  which  lasted 
for  about  six  hours.  There  was  no  vomiting,  and  the  pain  gradually  passed  off.  She  was 
seen  by  a  doctor,  who  diagnosed  appendicular  colic.  Following 
that  attack,  the  patient  suffered  from  indigestion  for  several 
months,  and  since  then  has  frequently  had  attacks  of  pain  and 
soreness  in  the  right  iliac  fossa  on  the  second  day  of  the  men- 
strual periods.  Two  years  ago  there  was  another  attack  of 
pain  lasting  for  thirty-six  hours,  associated  with  vomiting  but 
not  in  relation  to  menstruation.  This  was  diagnosed  as  a 
bilious  attack.  For  the  last  month  the  indigestion  has  again 
been  bad,  with  some  abdominal  pain,  sickness,  and  a  sense  of 
fullness  in  the  epigastrium. 

On  Monday,  March  13,  1916,  while  travelling  in  a  train, 
she  was  seized  with  sudden  pain  in  the  epigastrium  after  lunch. 
She  vomited  several  times,  but  the  pain  continued  and  was  of 
a  colicky  nature.  .\t  midnight  the  pain  suddenly  shifted  to 
the  right  iliac  fossa  and  became  continuous. 

The  following  day  a  doctor  was  called  in  ;  he  ordered 
enemata,  and  three  were  given,  with  verj'  copious  results.  On 
the  15th  I  saw  the  patient  and  ojjerated  the  same  evening. 

On  opening  the  abdomen  through  the  right  rectus  incision, 
the  appendix  was  found  pointing  downwards  and  slightly  out- 
wards in  the  right  iliac  fossa.  It  was  quite  free  except  for  a 
slight  recent  adhesion  from  the  extreme  tip  to  the  iliac  fossa. 
On  examination  it  was  found  to  be  twisted,  and  it  took  three 
complete  turns  to  unravel   it  {Fig.  302).     The  appendix  distal  fig.  302. 

to  the  narrowing  caused  by  the  twisting  was  gangrenous,  and 

the  meso-appendix  dark  and  swollen.  The  appendix  was  removed,  and  the  abdomen 
drained  through  the  original  incision.  The  temperature  and  pulse  became  normal  on 
the  third  day,  and  the  patient  made  an  uneventful  recovery-. 

Remarks. — The  appendix  was  2^  in.  long,  and  contained  faecal  material.  It  seems  most 
probable  that  the  pre\ious  attacks  were  due  to  a  'constipated  appendix,"  and  that  the 
torsion  resulted  from  irregular  peristaltic  movements  on  the  part  of  the  appendix  itself. 
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REVIEWS    AND    NOTICES     OF    BOOKS. 


W^ar  Surgery  of  the  Abdomen.  By  Clthbkrt  Wai.lack,  C.M.(J.,  I'.H.C.S.  Kiifi.;  M.H.,  B.S. 
l^ond.  Surjijfoii,  St.  Tliomas's  Hospital  ;  Lecturer  on  Surgery  in  the  Medieal  Seliool  ;  (on- 
sultin<>  Snrfjeon,  British  Armies  in  I-rance.  Pp.  152;  26  iUustrations.  1918.  London: 
.1.  &  A.  Churchill.     10s.  Od.  net. 

No  chapter  of  war  sur»ery  has  been  more  dramatic  than  that  dealing  with  abdominal  wounds  ; 
the  complete  reversal  of  the  practice  of  previous  cam{)ai<ins,  the  equipment  of  units  for  the 
performance  of  operations  calling  for  the  highest  surgical  skill  within  the  battle  zone,  and  the 
saving  of  nearly  ;>0  per  cent  of  those  so  wounded,  were  all  accomplished  within  a  year  of  the 
commencement  of  the  war.  This,  perhaps  one  of  the  most  difficult  problems  of  the  many  that 
presented  themselves  to  the  surgeon,  was  one  of  the  first  to  be  settled.  Before  even  the  pathological 
processes  imderlying  the  evolution  of  an  ordinary  wound  of  the  soft  parts  were  imdcrstood,  or 
fractures  received  more  than  casual  attention,  residts  were  being  attained  in  the  treatment  of 
penetrating  wounds  of  the  abdomen  that  have  been  but  little  improved  since. 

This  rapid  success  must  be  attributed  to  the  high  state  of  evolution  of  abdominal  surgery  in 
the  years  immediately  preceding  the  war,  to  the  facilities  for  rapid  transport  by  motor  ambulance, 
and  to  the  stationary  warfare  that  became  established  after  the  first  few  months. 

Wallace's  book  is  chieHy  based  on  cases  operated  on  during  the  period  July,  1915,  to  December, 
1916  ;  it  embraces  the  work  of  many  surgeons  carried  out  at  different  liospitals  on  a  wide  sector 
of  the  front,  and  includes  both  quiet  periods  and  times  of  heavy  fighting.  The  many  statistical 
tables  built  up  from  a  large  number  of  cases  imder  such  varying  conditions  form  a  valuable 
historical  record,  and  afford  a  standard  by  which  to  judge  the  results  of  future  work. 

The  operative  mortality  (all  cases)  is  remarkably  uniform  throughout  successive  periods  from 
July,  1915,  to  September,  1917,  varying  from  53-9  per  cent  to  51-3  per  cent.  It  is  interesting  to 
observe,  however,  that  whilst  only  60  per  cent  of  cases  (310  out  of  511)  were  o])erated  on  in  the 
first  six  months,  76  per  cent  (640  out  of  889)  were  so  treated  in  the  last  nine  months  ;  this, 
together  with  the  general  speeding  up  of  evacuation,  which  has  resulted  in  more  cases  reaching 
the  surgeon  alive,  means  a  verj-  real  improvement  in  results  which  the  tables  hardly  bring  out. 
The  rapid  evacuation  of  these  cases  from  the  firing  line,  early  operation,  and  retention  in  the 
unit  in  which  they  are  operated  on  for  some  days  after  operation,  are  the  three  essentials  for 
success.  They  are  purely  administrative  j)robIems,  and  any  or  all  of  them  may  V)e  rendered 
impossible  by  the  exigencies  of  the  military  situation.  Speaking  broadly,  the  arrangements  of 
our  French  and  Belgian  Allies  have  been  much  the  eame  as  our  own  in  dealing  with  these  cases. 
More  and  more  the  attempt  has  been  made  to  bring  the  surgeon  to  the  wounded  rather  than  carry 
the  wounded  to  the  surgeon.  Perhaps  this  has  been  overdone  ;  certainly,  with  the  onset  of 
more  oj)en  warfare  and  the  increased  use  of  long-range  artillery,  there  has  been  a  reaction  since 
1916.  The  author  is  opposed  on  the  whole  to  the  advanced  operating  centre  as  the  m.ost  suitable 
unit  with  dealing  with  these  cases,  especially  during  periods  of  heavy  fighting,  and  prefers  direct 
evacuation  to  a  casualty  clearing  station  in  spite  of  the  longer  journey  entailed  :  the  smaller  unit 
is  liable  to  be  swamped,  because  cases  accumulate,  and  thus  defeat  the  attempt  to  secure  early 
operation.  Certainly,  with  the  diversion  of  heavy  and  lightly  wounded  cases  to  different  casualty 
clearing  stations  and  the  pushing  up  of  clearing  stations  nearer  to  the  front  line  than  was  at  one 
time  the  case,  the  advanced  oy)erating  centre  has  to  a  large  extent  outlived  its  usefulness  ;  never- 
theless it  played  an  important  part  in  the  evolution  of  abdominal  war  surgery. 

From  a  clinical  point  of  view  these  cases  present  many  difficult  problems  even  to  the  surgeon 
skilled  in  abdominal  work  in  civil  life.  Wounds  of  the  hollow  viscera,  wounds  of  the  solid  organs, 
penetrating  wounds  without  visceral  injury,  and  parietal  wounds,  may  present  a  similarity  of 
symptoms  that  makes  an  exact  diagnosis  at  times  almost  a  matter  of  guess-work.  I'nder  these 
circumstances  an  exploratory  incision  is  frequently  the  wisest  and  safest  course  to  take,  and  one 
rarely  has  cause  to  regret  it.  Haemorrhage  is  the  chief  cause  of  the  high  mortality,  and  its 
|)ersistence  demands  that  intervention  be  carried  out  as  early  as  possible.  Pre-opcrative  measures 
to  combat  shock  are  of  the  greatest  importance,  and  only  experience  can  enable  a  surgeon  to  select 
the  proper  moment  to  operate  on  a  patient  who  is  reacting  to  this  treatment  ;  in  the  same  manner, 
when  casualties  are  heavy,  the  greatest  skill  and  experience  are  necessary  to  select  those  cases 
most  likely  to  benefit  by  operative  interference. 

The  author  is  to  be  congratulated  on  having  produced  a  book,  not  only  of  interest  from  the 
I)oint  of  view  of  what  has  been  achieved,  but  also  of  considerable  assistance  to  those  who  are 
at  present  engaged  on  the  problems  with  which  it  deals. 
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Blood  Transfusion,  Haemorrhage,  and  the  Anaemias.  By  B.  M.  Bkrnheim,  M.D.,  Instructor 
in  Surjicry,  the  Johns  Hospital  University.  8vo,  illustrated.  1917.  Philadelphia  and 
London  :   J.  B.  I.ippincott  Co.     6s.  net. 

This  book  records  a  great  deal  that  is  of  extreme  importance  to  the  physician  as  well  as  the 
surgeon,  but  it  is  unfortunate  that  owing  to  the  author  having  had  to  depart  for  the  .Johns  Hopkins 
Base  Hospital  Unit  he  was  deprived  of  opportunity  for  its  final  inspection  and  revision.  We  feel 
certain  that  further  deliberation  would  have  led  to  the  deletion  of  some  of  his  suggestions. 

The  author  discusses  in  detail  the  i>henomenon  of  bleeding,  and  deals  with  many  of  the  methods 
useful  in  differential  diagnosis  between  haemorrhage  and  shock.  He  is  of  opinion  that  transfusion 
is  far  from  a  serious  undertaking,  and  that  perhaps  it  is  wiser  to  err  by  givint?  a  transfusion  when 
recovery  might  have  occurred  without  this  procedure,  than  run  the  risk  of  the  patient  passing 
into  a  state  from  which  recover^'  is  very  doubtful.  We  have  no  hesitation  in  saying  that  anyone 
who  has  carried  out  a  large  number  of  transfusions  will  agree  with  Dernheim  on  this  point. 

The  author  suggests  that  transfusion  is  indicated  in  seven  conditions  :  (1)  actual  ha-morrhage  ; 
(2)  in  connection  with  surgical  operations  ;  (3)  for  the  relief  of  haemorrhagic  conditions;  (4)  blood 
disease  ;    (5)  infections  ;    (6)  |>oisons  ;    (7)  debilitated  conditions. 

He  alludes  to  the  dangers  of  transfusion,  and  points  out  how  diHicult  it  is  to  estimate  the 
mortality  following  transfusion  ;  we  feel  that  this  is  of  little  importance  unless  the  details  of  the 
methods  adopted  are  recorded  along  with  the  reason  for  giving  the  transfusion.  Several  deaths 
referred  to,  are  recorded  by  surgeons,  and  were  due  to  unsuitable  donors  having  been  selected  ; 
that  is  to  say,  donors  whose  bloods  belonged  to  different  groups  from  that  of  the  patients  ;  this 
led  to  hsemolysis  and  agglutination.  Six  fatalities  are  alleged  to  have  been  due  to  causes  other 
than  haemolysis  :  four  to  acute  dilatation  of  the  heart,  and  two  to  questionable  anaphylaxis. 
With  all  deference,  we  express  doubt  as  to  these  causes  in  the  six  cases.  The  symptoms  of  anaphy- 
laxis and  of  dilatation  of  the  heart  simulate  very  closely  those  produced  by  agglutination  of  red 
corpuscles  upon  injecting  unsuitable  blood. 

The  importance  of  the  suitability  of  the  blood  is  emphasized  by  Bernheim  in  the  following 
passage  :  "  Thus  the  absolute  necessity  for  preliminary  tests  nuist  be  apparent  to  all.  When 
blood  transfusion  first  came  into  vogue  it  was  the  common  thing  to  poke  fun  at  ha^molytic  tests  ; 
many  men  had  done  numerous  transfusions  without  tests  and  without  the  sign  of  hsemolysis  or 
other  trouble,  so  that  the  feeling  arose  that  its  occurrence  was  a  remote  |)ossibility  and  therefore 
one  to  be  ignored.  But  it  was  not  long  before  cases  of  haemolysis  liegan  to  make  their  appearance, 
and  with  the  growing  popularity  of  transfusion  they  became  more  and  more  common,  until  a 
number  of  fatalities  occurred,  and  a  distinct  change  of  sentiment  concerning  the  importance  of 
the  complication  was  noted." 

With  this  we  agree,  and  think  that  if  Bernheim  had  revised  the  Ixwk  he  would  have  deleted 
the  latter  part  of  the  following  passage  :  "  In  others,  50  c.c.  a  day  for  ten  days  may  be  sufficient, 
or  100  c.c.  every  other  day.  the  idea  being  to  use  blood  as  a  stimulant  or  perhaps  even  for  its  nutri- 
tional value,  instead  of  giving  it  in  bulk  as  is  now  customarj'.  A  husband,  brother,  or  sister  could 
give  up  these  insignificant  amounts  of  blood  daily,  or  every  two  or  three  days,  without  inconvenience 
or  harm,  and  it  may  even  be  proved  that  hjemoK'tic  and  agglutination  tests  will  prove  superfluous, 
since  the  amounts  given  would  be  so  small  as  to  be  incapable  of  causing  serious  trouble.** 

The  author  refers  to  one  death  due  to  sudden  agglutination  in  a  case  M-hicli,  as  far  as  the 
operator  knew,  was  being  transfused  with  the  blood  of  the  correct  group,  but  subsequent  observa- 
tion  showed  that  agglutination  occurred  when  the  bloods  of  the  donor  and  patient  mixed. 
•Although  we  have  never  seen  death  result  from  this  cause,  we  know  of  a  case  in  which  transfusion 
had  to  be  stopped  for  a  similar  reason.  The  donor — who  was  lielieved  to  belong  to  Group  4,  and 
who  had  given  his  blood  with  benefit  to  a  patient  suffering  from  pernicious  anaemia,  whose  blood 
also  was  of  Group  4 — was  used  three  months  later  as  a  donor  to  a  Group  \  patient.  Symptoms 
developed  after  a  small  quantity  of  blood  had  been  injected,  which  led  to  the  transfusion  being 
stopped,  and  on  re-examining  the  donor*s  blood  it  was  found  that  he  belonged  to  Group  3. 
Whether  under  any  circumstances  an  individual  can  change  from  one  group  to  another  is  a  matter 
of  interest,  but  at  present  evidence  seems  to  point  against  it. 

The  importance  of  the  donor  and  the  patient  being  of  the  same  group  having  been  insisted 
u|)on,  it  seems  rather  a  pity  that  Bernheim  has  relegated  to  the  appendix  methods  of  determining 
to  which  group  an  individual  belongs,  and  the  methods  of  deciding  the  compatibility  of  two  bloods. 

It  is  difficult  to  agree  with  the  statement  that  "  by  many  men  it  is  considered  quite  unneces- 
sary to  carry  out  the  group  method  of  testing,  a  more  direct  means  of  attaining  the  sanie  end  being 
that  of  testing  all  prospective  donors  directly  against  the  recipient  until  a  suitable  donor  is 
secured,"  except  when  the  medical  man  is  but  rarely  called  upon  to  carry  out  a  transfusion. 
By  classifying  the  prospective  donors  a  list  may  be  prepared,  and  one  of  a  suitable  group  may  be 
procured  with  minimum  delay.  Chance  should  be  excluded  whenever  possible,  and  it  is  always 
within  the  limits  of  possibility  that  half  a  dozen  or  more  donors  would  have  to  be  brought  to  the 
patient,  in  order  to  select  one  belonging  to  the  same  blood  group. 

Bernheim  refers  to  the  danger  to  the  donors,  and  states  :  "  I  have  never  lost  a  donor,  nor  have 
I  heard  of  a  person  losing  his  life  by  giving  his  blood  in  a  transfusion."  This  we  can  believe  most 
readily.  In  the  majority  of  cases,  donors  assert  that  they  feel  better  after  giving  700  c.c.  of 
blood,  and  on  the  seventy-five  occasions  upon  which  we  have  observed  the  transfusion  of  blood. 
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we  have  never  seen  an  untoward  symptom.  Bernheim  is  averse  to  ^ivin^  any  dnijj  to  tlie  donor  ; 
we  have  reason  to  believe  that  a  eup  of  strong  eoffee  is  of  advantage.  The  autlior  is  not  in 
favour  of  using  tlie  same  donor  time  after  time.  Some  have  done  so  a  dozen  tinu's  or  more,  in 
a  ease  of  pernieious  ana-mia,  with  the  idea  that,  by  bleeding,  a  liormone  might  be  formed  which 
would  stimuhite  the  blood-forming  tissues. 

The  methods  of  transfusion  are  given  in  considerable  detail,  and  the  advantage  and  disad- 
vantage of  each  method  carefully  criticized.  This  part  of  the  book  will  prove  invaluable  to 
those  who  are  novices  at  transfusion,  and  if  it  had  been  in  existence  years  ago  it  would  have 
saved  numy  practitioners  much  time  and  troidile.  Lindenum's  method  is  given  in  detail,  but 
the  citrated  methods  tind  favour  in  the  eyes  of  the  author  ;  and  no  doubt,  when  blood  is  given 
simply  to  rejilace  that  which  has  been  lost,  the  citrated  method  is  as  convenient  and  as  satisfactory 
as  any  other. 

In  the  chapter  dealing  with  transfusion  for  pernicious  anaemia,  the  author  is  disconcerting 
by  confusing  the  argimient  for  and  against  multiple  transfusions  with  the  question  of  splenec- 
tomy. We  gather  from  the  chapter  that  in  no  case  which  has  come  under  his  observation  have 
transfusions  been  persisted  in  to  the  extent  which  experience  has  shown  us  is  necessary.  We 
have  had  under  observation  a  case  in  which  fifty  transfusions  have  been  carried  out  in  two  years, 
in  order  to  maintain  the  patient's  red  cells  above  two  and  a  half  million  per  cubic  millimetre. 
Bernheim  concludes  that  in  hajmorrhagic  diseases,  and  in  leukaemia,  transfusion  is  of  compara- 
tively little  value;   but  in  these  eases,  too,  perseverance  is  conspicuous  by  its  absence. 

The  book  is  well  illustrated,  and  the  diction  clear,  althougli  the  author  is  too  lavish  with 
epithets.     To-day  few  medical  men  can  afford  to  remain  ignorant  of  the  facts  recorded  in  it. 


The  Action  of  Muscles.  Includlngr  Muscle  Rest  and  Muscle  Re-education.  By  W.  Colin 
Mackenzie,  M.D.,  F.R.C.S.,  etc.  8vo.  Pp.  267  +  xvi.  Illustrations  99.  1918.  London  : 
H.  K.  Lewis  &  Co.  Ltd.     12s.  6d.  net. 

This  book  on  the  action  of  muscles  is  evidently  the  result  of  much  original  investigation.  Dr. 
Colin  Mackenzie  is  a  devout  follower  of  the  teachings  of  Hugh  Owen  Thomas,  and  shows  a  keen 
appreciation  of  the  work  of  John  Hunter,  Charles  Bell,  Duchenne,  Haller,  and  Cowper,  who  all 
devoted  much  time  to  the  study  of  motion. 

A  plea  is  made  for  wider  recognition  of  certain  principles  in  the  treatment  of  muscle  injuries 
and  paralysis.  The  importance  of  physiological  rest  is  emphasized,  and  simple  methods  of  its 
application  for  each  form  of  nerve  lesion  are  illustrated.  Re-education  of  muscle  function  follows 
the  lines  found  effective  over  a  long  experience  of  successful  treatment  of  infantile  paralysis.  The 
fKJsition  of  the  different  joints  from  which  re-education  should  be  commenced  is  clearly  defined. 
This  allows  early  volitional  control  to  be  established  without  the  risk  of  overstrain. 

The  chapters  dealing  with  the  specialized  action  of  muscles  and  their  opponents  explain,  on 
a  rational  basis,  many  of  the  deformities  now  common  in  military  surgery.  The  work  of  the 
modern  physiologist  and  anatomist  on  the  action  of  muscles  is  presented  throughout  in  a  form 
which  makes  it  readily  available  to  the  clinician. 

This  book  would  be  welcome  at  any  time,  but  is  especially  so  just  now,  when  restoration  of 
function  in  limbs  is  such  a  huge  problem  for  the  Empire.     It  should  be  widely  read. 


Laboratory  Methods  of  the  United  States  Army.  Medical  War  Manual  No.  0.  Compiled  by 
the  Division  of  Infectious  Diseases  and  Laboratories,  Office  of  the  Surgeon-General,  War 
Department,  Washington,  D.C.  1918.  Philadelphia  and  New  York  :  Lea  &  Febiger. 
This  little  book  will  be  useful  chiefly  to  research  students  and  workers  in  hygiene  laboratories. 
The  sections  dealing  with  the  chemical  investigations  of  urine,  blood,  water,  and  milk  give  well- 
selected  methods,  which  are  clearly  described.  The  same  can  be  said  of  some  of  the  special  bacterio- 
logical methods,  e.g.,  the  determination  of  types  of  pneumococcus,  though  the  dilTerentiation  of 
the  coli-typhoid  group  of  organisms  and  the  estimation  of  agglutination  units  could  be  stated  more 
fully  and  more  clearly. 

The  general  rules' obtaining  in  a  laboratory,  and  the  recipes  for  stains,  solutions,  and  bacterio- 
logical media,  etc.,  are  sufficient,  concisely  set  out,  and  should  be  valuable  to  the  laboratory 
attendant.  In  a  subsequent  edition  these  could  be  amplified  with  advantage  by  the  addition  of 
some  of  the  other  useful  media,  e.g.,  Drigalski  nutrose  agar,  whey  agar.  etc. 

The  section  on  clinical  pathology  is  quite  insufficient,  and  will  be  of  no  practical  help  to  the 
medical  officer  engaged  in  the  routine  laboratory  work  of  a  field  or  general  hospital. 

The  qualitative  examination  of  urine  includes  no  simple  tests  for  recognizing  the  presence  of 
blo<xl  ;  no  reference  is  made  to  renal  casts  and  their  varieties  ;  the  detection  of  bilharzia,  not 
infrequently  present  in  troops  who  have  served  in  Egypt,  is  not  considered  ;  the  account  of  the 
varieties  of  crystals  found  in  urine  is  very  meagre. 

In  the  few  lines  dealing  with  the  examination  of  the  blood  there  is  no  mention  of  the  routine 
estimation  of  ha*moglobin  percentage  and  colour  index  by  means  of  a  ha'moglobinometer.     The 
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paragraph  headed  '  Differential  Count '  deals  only  with  the  preparation  of  blood  lilms  ;  the  varieties 
of  leucocytes  to  be  differentiated  are  not  even  mentioned. 

Xo  mention  is  made  of  the  varieties  of  malarial  parasites  commonly  met  with  in  routine  work. 

In  the  examination  of  faeces  the  differentiation  of  amoebse  and  the  presence  and  significance 
of  cysts  are  not  considered. 

Examinations  of  the  throat  and  mouth  are  restricted  to  diphtheria  ;  no  reference  is  made  to 
Vincent's  B.  fusiformis,  spirocha-tes,  oidium,  streptococci,  etc. 

On  page  164,  "Simple  Diagnostic  Table  for  Gram-negative  Bacilli'  contains  two  serious  errors. 
B.  coli  communis  does  not  liquefy  gelatin,  and  B.  paralyphosus  forms  acid  and  gas  with  dulcite. 
Two  paratyphoid  bacilli,  B.  laclis  aerogenes,  and  Morgan's  bacillus  are  omitted  from  the  table. 

This  booklet  is  disappointing.  It  has  apparently  been  devised  by  an  expert  chemist,  and  to 
the  chemical  research  worker  it  may  possibly  be  a  handy  guide,  though  as  a  rule  he  will  Ije  supplied 
already  with  the  text-books  on  his  subject.  For  the  laboratory  attendant  there  are  many  and  better- 
equipped  manuals.  To  the  clinical  pathologist  the  book  has  no  value.  The  table  of  contents  is 
not  a  satisfactory  substitute  for  a  good  index. 

Generally,  it  Would  seem  that  an  attempt  has  been  made  to  cut  a  uniform  for  the  use  of  several 
verv  different  individuals,  and  the  result  is  an  imfortunate  misfit. 


Modem  Urology :  in  Orl^rinal  Contributions  by  American  Authors.  Edited  by  High  Cauot, 
M.D.,  F.A.C.S.,  Boston,  Massachusetts.  Vol.  I,  pp.  744,  368  engravings  and  7  plates  ;  Vol. 
II,  i)p.  708,  264  engravings  and  10  plates.  Philadelphia  and  New  York:  Lea  &  Febiger. 
il4  net. 

MoLUiRN  urology  in  a  '"  correlated  set  of  monographs  "  by  twenty-nine  American  contributors, 
each  writing  with  the  authority  of  a  specialist,  given  1452  pages  in  which  to  state  their  views 
untrammelled  by  the  exactions  of  the  systematic  text-book,  promises  a  feast  of  knowledge  in  this 
branch  of  surgery  which  should  attract  even  the  jaded  surgical  appetite  of  1918.  Let  us  see 
what  the  twenty-nine  surgeons  make  of  their  opportunities. 

Volume  I  opens  with  an  historical  sketch  of  genito-urinary  surgerj-  in  America,  by  F.S.  Watson, 
in  which  are  brief  notes  of  some  of  the  more  prominent  men  in  the  field  of  American  urologj-, 
including  one  of  Watson  himself  from  the  |)en  of  Keyes  junior.  They  are  a  distinguished  company, 
among  whom  not  the  least  striking  is  Bigelow.  Here  also  is  related  the  progress  of  urinary  surgerj" 
in  .\merica  ;  and  surgical  instruments  and  devices  introduced  by  .American  surgeons  are  descril)ed. 
Then  follows  a  careful  and  very  concise  account  of  the  cystoscope  and  its  use,  by  Leo  Buerger  : 
one  of  the  best  articles  in  the  lKX>k. 

Bransford  Lewis  has  a  chapter  on  methods  of  diagnosis,  in  which  it  is  interesting  to  note  a 
plaint  as  to  the  many  failures  in  diagnosis  that  he  sees,  a  note  that  might  well  find  echo  in  this 
country.  With  this  article  (for  it  is  incomplete  as  it  stands  and  is  none  too  full)  should  be  read 
that  of  Dodd  on  x-ray  diagnosis,  and  one  by  Geraghty  in  Volume  II. 

Geraghty's  article  on  tests  of  the  renal  function  is,  as  we  would  exi>ect.  clearly  written  and 
authoritative.  The  study  of  these  tests  has  progressed  rapidly  in  surgical  work,  and  the  subject 
possesses  a  voluminous  literature.  Geraghty's  article  helps  to  brush  aside  much  that  is  superfluous 
and  unnecessary-  in  this  difficult  subject.  The  author  rightly  devotes  a  large  part  of  his  article 
to  the  phenolsulphonephthalein  test  which  he  and  Rowntree  introduced,  and  which  is  now  accepted 
generally  as  the  most  reliable  and  easily  applied  of  all  the  tests.  No  article  has  appeared  in 
English  medical  literature  on  this  subject,  and  Geraghty's  sjTiopsis  will  be  welcome. 

Corbus,  writing  on  syphilis  of  the  genito-urinar\-  organs  and  on  genital  idcers,  suffers  from 
the  disability  of  having  to  deal  with  only  a  small  section  of  an  important  general  disease.  Apart 
from  this,  the  chapter  is  an  excellent  review  of  the  subject,  and  there  is  a  fairly  complete  biblio- 
graphy. Strangely,  he  omits  to  mention  congenital  syphilis  affecting  the  kidney,  which  has  been 
described  in  this  country  and  elsewhere. 

A  complete  and  instructive  account  of  the  diseases  of  the  female  urethra  is  written  by 
Osgood. 

Keyes  junior  deals  with  stricture  of  the  male  urethra  in  thirty-two  pages.  He  looks  upon 
the  intensity  of  the  gonorrha-al  urethritis,  not  its  chronicity,  as  the  cause  of  the  stricture.  His 
statement  that  "'  gonorrhu'al  stricture  is  but  a  cicatrization  of  the  pathological  process  that  causes 
chronic  anterior  urethritis  "  is  somewhat  nebulous,  but  when  he  comes  to  treatment  it  is  evident 
that  his  views  in  regard  to  the  prevention  of  stricture  by  the  intelligent  treatment  of  chronic 
urethritis  of  the  infiltrating  type  are  on  sound  and  generally  accepted  lines. 

This  authors  views  in  regard  to  operation  for  stricture  differ  from  those  held  in  this  countrj-. 
Operation  is  reserved  for  cases  where  dilatation  has  failed.  So  far,  so  good  ;  but  note  the  nature 
of  the  operation.  ■'  For  strictures  of  the  pendulous  and  scrotal  urethra,  internal  urethrotomy 
upon  the  roof  of  the  canal.  For  stricture  of  the  bulbous  urethra,  external  urethrotomy."  The 
reason  for  this  selection  of  the  operation  according  to  the  position  of  the  stricture  is  not  stated. 
The  lines  on  resection  of  the  urethra  at  the  end  of  the  article  are  disappointingly  short  and 
uninstructive. 

The  article   on  tuberculosis  of  the  genital  tract  by   Barney  is  excellent   in  its   breadth  of 
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view  and  evidence  of  wide  readinor,  and  in  its  detail.       The  paragraphs  on  prognosis  arc  full  of 
interest,  and  obvionsly  based  on  carcfnl  work  and  wide  experience. 

Prostatic  obstructions  is  the  subject  of  an  ehiborate  article  by  Pilcher.  Olistruction  from 
cnuses  other  than  gross  enlargement  of  the  prostate  receives  but  scant  notice,  and  a  more  detailed 
account  would  have  enhanced  the  value  of  the  article.  The  author  rightly  insists  upon  the 
importance  of  thorough  preparation  before  operation.  He  prefers  |)rostatectomy  in  two  stages  in 
practically  every  case  of  glandular  hyperplasia  of  the  prostate.  The  three  reasons  he  gives  are 
entirely  unconvincing.  A  small  percentage  of  cases  are  selected  for  the  two-stage  operation  by 
all  surgeons  ex|)erienced  in  urinary  work.  To  subject  every  patient  to  the  anxiety  and  discomfort 
of  two  operations,  and  to  prolong  the  period  of  surgical  convalescence  by  a  week  or  ten  days, 
appears  to  be  an  unnecessary  infliction  and  not  justifled  by  results.  The  most  striking  feature 
of  this  article,  next  to  the  absence  of  any  reference  to  the  English  literature  on  tlie  subject  of  the 
operation,  is  the  complete  suppression  of  statistics  giving  results  of  the  operation.  The  discussion 
of  after-results,  measured  by  work  published  by  otlier  surgeons,  is  also  disappointing.  Impotence 
appears  to  be  confused  with  sterility,  for  it  is  attributed  to  "  injury  to,  or  removal  of,  the 
ejaculatory  duets." 

Young's  contribution  is  a  very  careful  article  on  cancer  of  the  prostate.  The  symptoms  are 
considered  in  much  detail,  and  this  part  of  the  article  is  specially  valuable.  The  operative  treat- 
ment, including  the  author's  radical  operation,  is  fully  described,  and  the  use  of  radium  shortly 
considered.  Five  out  often  cases  submitted  to  the  authors  radical  operation  were  probably  cured, 
l)ut  as  these  represent  the  whole  of  the  operations  performed  in  about  fourteen  years,  the  cases 
suitable  for  this  operation  are  obviously  very  few. 

Instructive  articles  by  Kretschmer,  Lower,  Hagner,  and  Caulk  do  not  call  for  detailed 
comment. 

Cabot  has  two  important  articles  on  stone  in  tlie  bladder  and  stone  in  the  kidney  and  ureter. 
His  discussion  of  the  etiology  of  stone  is  the  least  attractive  part  of  these  articles.  It  is  lacking  in 
clearness,  and  there  is  no  mention  of  the  cement  substance  which  is  generally  regarded  as  the  most 
important  factor.  The  operations  for  stone  in  the  bladder  are  very  fully  and  ably  discussed. 
Cal)Ot  gives,  unintentionally  we  believe,  the  impression  that  less  credit  is  due  to  Bigelow  than  we 
in  this  country  are  accustomed  to  give  him,  and  he  further  omits  to  mention  that  the  battle  for 
litholapaxy  was  fought  by  the  surgeons  of  the  Indian  Medical  Service.  No  mention  is  made  of 
litholopaxy  in  children,  and  the  author  does  not  appear  to  be  familiar  with  Keegan's  work.  The 
discussion  of  results  of  bladder-stone  operations  is  incomplete  without  statistics,  and  none  are  given. 

In  discussing  the  methods  of  closing  the  kidney  wound  after  nephrolithotomy,  the  author 
looks  upon  the  use  of  mattress  sutures  as  '  wholly  objectionable,'  and  has  seen  necrosis  requiring 
nephrectomy  follow  their  use.  This  statement  is  too  sweeping.  Kidney  surgeons  of  large  experi- 
ence constantly  employ  mattress  sutures  without  such  untoward  results. 

Tumours  of  the  bladder  are  ably  discussed  by  Geraghty.  He  points  out  that  the  nature  of 
the  tumour  cannot  be  decided  in  all  cases  by  histological  examination  of  the  base.  On  the  other 
hand,  he  rightly  insists  that  the  information  derived  from  the  examination  of  small  portions  of 
a  bladder  tumour  removed  bj-  the  operating  cystoscope  is  not  always  conclusive. 

IJentley  Squire's  article  on  anomalies  of  the  kidney,  hydronephrosis,  movable  kidney,  and 
injuries  to  the  kidney,  repays  perusal  ;  but  something  more  might  have  been  made  of  the  subject 
of  hydronephrosis,  and  the  selection  of  cases  for  operation  in  movable  kidney  might  with  advantage 
be  more  fully  considered. 

Infection  of  the  kidney  is  discussed  in  detail  by  Keyes  junior,  and  tuberculosis  of  the  kidney 
is  dealt  with  by  O'Neil  in  an  article  that  gives  a  very  clear  picture  of  the  disease  and  an  excellent 
summary  of  the  treatment  and  the  results  to  be  expected  therefrom. 

The  second  volume  closes  with  a  carefully  written  accoimt  of  tumours  of  the  kidney  by  Binney. 

The  two  volumes  are  profusely  illustrated  in  black  and  white  and  in  colour,  the  former  being 
more  successful  than  the  latter.  There  are  many  fine  illustrative  drawings  excellently  reproduced, 
and  the  a;-ray  photographs  are  of  exceptional  quality.  Photography  has  been  used  to  illustrate 
some  diseases  and  operations,  and  one  feels  a  protest  might  be  made  against  this  form  of  illustra- 
tion, which,  except  for  imparting  a  sense  of  realism  and  providing  a  quite  unnecessary  certificate 
of  good  faith,  teaches,  in  most  cases,  nothing.  Most  of  the  illustrations  are  original,  and  those 
borrowed  are  acknowledged.  Young's  article,  however,  is  marred  by  the  reproduction  of  three 
oriifinal  illustrations  from  an  English  text-book  without  acknowledgement. 

Looking  back  over  these  volumes  as  a  whole,  there  is  a  sense  of  incompleteness  that  arises 
from  the  somewhat  unsystematic  nature  of  the  book  ;  there  is  the  want  of  correlation  and  the 
redundancy  that  result  from  a  number  of  independent  authorities  working  in  watertight  compart- 
ments ;  there  are  the  excursions  into  ancient  history  in  some  articles,  the  omission  of  which  might 
M-ell  be  excused  by  the  title  of  the  book  ;  there  is  the  robust  pan-Americanism  of  the  writing  that 
we  confess  just  now  and  then  jars  slightly  on  one  outside  the  circle  of  American  urologists  ;  but 
taking  it  all  in  all,  brilliant  articles  and  mediocre,  concise  and  well-weighed  writing  with  difluse 
and  slovenly,  the  publication  is  indeed  a  notable  one,  and  creditable  to  the  remarkable  body  of  men 
who  have  produced  it.  and  to  the  Editor,  of  ancient  surgical  lineage,  who  contributed  to  its  articles 
and  moulded  and  guided  its  development  and  birth. 
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ROBERT    USTON. 

1794-1847. 

Robert  Liston"  was  bom  on  October  28,  1794,  in  the  manse  at  Ecclesmaehan  in  Linlith- 
gowshire, the  eldest  son  of  Henr>'  Liston,  whose  father  and  grandfather  had  also  been 
ministers  of  the  church  in  Scotland.  His  father  was  a  writer  on  music,  the  inventor  of 
the  enharmonic  organ,  designed  to  give  the  diatonic  scales  in  perfect  tune,  and  an  improver 
of  the  plough  ;  he  also  published  selections  from  Horace  and  the  sixth  book  of  Caesar, 
for  the  use  of  schools.  A  brother — David — became  Professor  of  Oriental  Languages  at 
Eki  in  burgh. 

Robert  Liston  was  educated  by  his  father,  and  ha\'ing  entered  the  University  of 
Edinburgh  in  1808,  was  awarded  the  prize  for  Latin  prose  composition  at  the  end  of 
his  second  session.  In  1810  he  began  to  attend  the  lectures  of  Dr.  John  Barclay,  a 
well-known  extra-academical  lecturer  on  anatomy  and  physiology,  who  soon  afterwards 
appointed  him  as  his  assistant  and  prosector,  a  post  he  retained  until  1815.  From 
1814  to  1816  he  acted  as  'surgeon's  clerk,'  or  house  surgeon,  at  the  Royal  Infirmary, 
first  to  George  Bel!  and  afterwards  to  Dr.  Gillespie. 

In  1816  he  visited  London,  and  put  himself  under  Sir  William  and  Mr.  Thomas 
Blizard  at  the  London  Hospital,  and  attended  the  lectures  of  Mr.  Abemethy  at  St. 
Bartholomew's  Hospital.  At  the  end  of  the  year  he  was  admitted  a  member  of  the 
Royal  College  of  Surgeons  in  London.  He  then  returned  to  Edinburgh,  and  taught 
anatomy  in  conjunction  with  James  Syme,  his  junior,  who  afterwards  became  his 
successful  rival  From  1818  to  1828  he  worked  hard  in  Edinburgh,  and  built  up  for 
himself  a  good  reputation  as  a  teacher  and  as  a  surgeon.  Cases  which  had  been 
considered  incurable  by  the  surgeons  of  the  Royal  Infirmary  fell  into  his  hands  on 
their  discharge,  and  were  operated  upon  by  him  with  success.  He  was  even  said  to 
have  inveigled  patients  out  of  the  Infirmary-  for  that  purpose,  but  this  charge  he 
stoutly  denied.  His  methods  and  success  caused  feelings  to  run  high  amongst  the 
surgeons  in  Edinburgh  ;  no  one  would  assist  at  his  operations,  and  the  managers 
of  the  Infirmary  actually  proposed  to  him  that  he  should  refuse  assistance  to  any 
person  who  had  been  a  patient  in  that  institution,  and  that  he  should  abstain  from 
visiting  or  attending  the  wards.  He  declined  to  give  such  an  undertaking ;  and 
he  was  thereupon  formally  expelled,  and  never  entered  the  gates  of  the  institution 
for  a  period  of  five  years.  In  1827  he  was  suddenly  elected  one  of  the  surgeons 
by  the  exercise  of  private  influence,  and  in  the  following  year  he  was  made  the 
operating  surgeon.  In  1833  James  SNine,  his  younger  rival  and  former  colleague, 
with  whom  he  had  quarrelled,  was  chosen  Professor  of  Clinical  Surgery,  and  in 
the  following  year  Liston  was  in\ited  to  become  one  of  the  surgeons  to  the  newlv- 
formed  hospital  attached  to  the  London  University,  now  L'niversity  College  Hospital. 
He  came  to  London,  and  was  appointed  Professor  of  Clinical  Surgery  in  the  Univer- 
sity of  London. 

For  some  time  his  professional  prospects  seemed  so  doubtful  that  he  thought  of 
migrating  to  the  United  States  ;  but  practice  came,  and  on  the  death  of  Sir  Anthony 
Carlisle  in  1840  he  was  nominated  a  member  of  the  Council  of  the  College  of  Sur- 
geons, and  in  1846  was  elected  a  member  of  the  Court  of  Examiners.  In  1841  he 
became  a  Fellow  of  the  Royal  Society.  His  surgical  practice  soon  became  extensive  ; 
but  in  the  spring  of  1847  he  began  to  suffer  from  signs  of  some  obscure  illness,  which 
ended   on   December   7   in  the    rupture   of  a  thoracic   aneurysm.     He   died   in   Clifford 
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Street,   in  the  liouse  afterwards  occupied   by   Sir  William  Bowman,    and     was     buried 
in  Hijjhjjate  Cemetery. 

Liston's  claim  to  remembrance  lies  in  the  boldness  of  his  operations,  assisted  by 
his  sound  knowledjje  of  surgical  anatomy,  which  enabled  him  to  operate  successfully  in 
cases  from  which  other  surgeons  shrank.  Living  at  a  time  inmiediately  antecedent  to 
the  introduction  of  anaesthetics,  he  attained  a  dexterity  in  the  use  of  cutting  instru- 
ments which  had  probably  never  been  equalled,  and  is  unlikely  to  be  surpassed. 
Wlien  chloroform  was  unknown,  speed  was  of  the  utmost  importance  in  the  perform- 
ance of  a  surgical  operation,  as  it  saved  pain  to  the  patient  and  anxiety  to  the 
surgeon.  "  Who  that  once  saw  Liston  perform  a  capital  operation  could  ever  forget 
it  ?  "  asks  one  of  his  pupils.  "  The  manner  in  which  he  handled  the  knife  had  in  it 
something  remarkable.  It  at  once  put  the  spectators  at  their  ease,  and  convinced 
them  that  the  instrument  woidd  not  go  anywhere  or  do  anything  but  what  it  ought. 
He  possessed  a  confidence  and  self-possession  that  no  untoward  event  ever  disturbed  ; 
a  readiness  in  suddenly  applying  expedients  that  seemed  to  the  inexperienced  the 
residt  of  forethought  ;  and  a  power  in  his  muscular  arms  and  bony  hands  that  enabled 
him  to  twist,  depress,  or  elevate  parts  with  an  ease  that  appeared  almost  magical. 
As  a  lithotomist  he  excelled,  and  his  flap  amputations  were  performed  with  such 
rapidity  that  the  sound  of  sawing  seemed  to  succeed  immediately  the  first  flash  of  the 
knife.  With  him  the  length  of  operations  was  estimated  by  seconds  instead  of 
minutes,  and  the  student  who  unwarily  turned  his  head  to  address  his  neighbour,  on 
looking  round  often  discovered  that  what  he  had  struggled  so  much  to  witness  had 
already  been  performed.  Yet  in  all  this  there  was  no  real  hurry;  it  was  the  result  of 
a  skilful  combination  of  movements  performed  with  precision  and  exactitude."  These 
very  qualities  occasionally  led  him  to  disaster,  as  when  he  opened  an  aneurysm 
instead  of  an  abscess  with  one  bold  sweep  of  his  knife,  or  undertook  the  removal  of 
inoperable  tumours,  disasters  which  his  numerous  enemies  were  only  too  glad  to 
magnify. 

Liston,  with  the  help  of  William  Cadge,  afterwards  of  Norwich,  performed  the 
first  operation  under  ether  in  Europe,  on  December  21,  1846.  The  patient  was  a 
man  suffering  from  a  septic  arthritis  of  the  knee.  The  thigh  was  amputated  in 
twenty-five  seconds,  and  the  patient  left  University  College  Hospital  cured  on  February 
11,  1847. 

Liston  lived  at  a  time  when  professional  rivalry  only  too  often  degenerated  into 
personal  abuse,  and  hatred  reached  bounds  of  which  the  present  generation  has  no 
conception.  Rough  and  ready,  his  manner  towards  his  inferiors  and  those  who  differed 
from  him  was  often  most  offensive,  and  his  language  was  so  coarse  as  to  be  often 
brutal.  Many  stories  are  told  of  his  rudeness,  and  of  the  retorts  to  which  he  thereby 
laid  himself  open.  After  an  altercation  with  Syme,  whose  head  he  had  publicly  com- 
pared to  the  skull  of  an  ape,  his  coachman  asked,  "  Where  to,  sir  ?  "  as  he  got  into 
his  carriage.  "  To  the  devil,"  said  Liston.  "  Does  His  Majesty  want  an  operation  ?  " 
quietly  asked  the  man.  Yet,  withal,  Liston  was  generous-hearted,  and  some  at  ^ 
least  of  his  quarrels  were  made  up  before  he  died.  A  man  of  great  stature  and 
strength,  he  rode  often  to  hounds,  and  had  a  yacht  on  the  lower  reaches  of 
the  Thames,  for  he  had  wished  to  follow  the  sea  before  his  attention  was  turned 
to  surgery. 

Liston  had  no  claim  to  the  title  of  a  scientific  surgeon  ;  he  was  not  a  good 
speaker,  nor  was  he  very  clear  as  a  writer.  He  published  two  books  which  ran 
through  more  than  one  edition,  Elements  of  Surgery,  in  1831,  and  Practical  Surgery,  in 
1837.  His  efforts  were  directed  towards  the  simplification  of  methods.  In  the  treat- 
ment of  wounds  he  was  opposed  to  the  method  of  occlusion  then  in  common  use,  and 
advocated  delayed  suture  of  amputation  flaps  and  a  water  dressing.  This  practice 
continued  long  after  his  death,  and  was  at  length  replaced  by  the  principles  enunciated 
by  Lister.  In  like  manner,  he  taught  that  a  fractured  thigh  should  be  kept  straight 
instead  of  with  the  limb  bent,  as  was  then  usual.     "  Some  prejudice,"  he  says,  "  has 
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From  a  ehtilk  drawing  now  in  the  posietnon  oj  Mr.  Uaymond  Johmon,  F.R.C.S.Eng., 
to  whom  it  was  giren  hy  Sir  John  Eric  Eriehnen. 
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always  existed  against  the  straight  position  of  fractures,  as  it  is  thought  that  certain 
muscles  must  act  so  as  to  pull  the  ends  asunder.  In  trj-ing  to  humour  one  set  of 
muscles,  however,  others  are  necessarily  put  upon  the  stretch  and  excited,  whilst  in 
the  extended  position  it  is  found  that  all  become  quiet  very  shortly,  and  the  ends  of 
the  bones  fall  into  their  natural  position."  To  secure  this  end  he  evolved  the  splint 
still  known  by  his  name,  to  replace  the  cumbersome  apparatus  devised  by  Desault, 
Boyer  Stanley,  and  Hagedom.  The  splint  still  retains  vestigia  of  its  original  use  in 
the  digitate  lower  end  and  the  two  holes  in  the  upper  extremity,  for  Liston  obtained 
extension  and  counter-extension  by  the  splint  itself,  and  made  no  use  of  the  weight 
of  the  patient,  as  was  done  afterwards.  Liston  also  appears  to  have  invented  the 
bone-cutting  forceps,  with  one  surface  flat  and  the  other  bevelled,  which  is  still  in 
common  use. 

The  illustration  is  made  from  a  chalk   drawing  in  the  ix)ssession  of  Mr.  Raymond 
Johnson,  F.R.C.S.  Eng.,  to  whom  it  was  given  by  the  late  Sir  John  Eric  Erichsen,  Bart. 
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ON    CANCER    OF    THE    TONGUE:    THE    BRADSHAW    LECTURE, 

1918* 

By  D'ARCY   power,   London. 

Mr.  President  and  Gentlemen, 

It  was,  I  think,  a  wise  latitude  on  the  part  of  Mrs.  Bradshaw  when  she  founded  this 
lecture  in  the  year  1882  in  memory  of  her  husband — Dr.  William  Wood  Bradshaw, 
M.A.  Oxon.,  D.C.L. — to  lay  down  no  limitations  as  to  its  scope.  It  was  to  be  a  lecture 
on  Surgery,  and  it  is  thus  left  to  each  lecturer  to  choose  his  own  subject. 

When  the  President  invited  me  to  undertake  this  honourable  duty,  I  hesitated  to 
accept,  because  in  the  hurry  of  these  latter  days  it  is  difficult  to  find  time  for  the  original 
research  which  can  alone  render  it  of  permanent  value.  I  reflected,  however,  that  you 
had  recently  nominated  me  to  serve  as  one  of  your  representatives  on  the  Executive 
Committee  of  the  Imperial  Cancer  Research  Fund,  and  this  gave  me  an  opportunity 
of  dealing  with  a  topic  which  embraces  the  clinical  and  scientific  sides  of  that  dreadful 
disease.  I  have  therefore  chosen  for  your  consideration  this  afternoon  the  subject  of 
'Cancer  of  the  Tongue,'  one  of  the  most  distressing  forms  of  cancer  which  afflicts  the 
human  race.  I  have  done  so  the  more  willingly  because  it  .brings  into  close  relationship 
the  historical,  clinical,  and  scientific  sides  of  inquiry,  and  it  seems  to  me  that  these  three 
lines  must  be  closely  followed  if  any  satisfactory  conclusion  is  to  be  arrived  at. 

PECULIARITIES    OF    CANCER    OF    THE    TONGUE. 

Cancer  of  the  tongue,  as  is  well  known,  presents  several  peculiarities  which  make  it 
worthy  of  careful  consideration.  In  the  first  place,  it  is  almost  entirely  a  human  disease, 
and  this  is  remarkable,  because  the  tongues  of  many  animals  are  more  liable  to  injury  than 
is  the  human  tongue.  Secondly,  cancer  of  the  tongue  is  always  primary,  and  is  always  of 
one  type— a  squamous-celled  carcinoma.  This  is  noteworthy,  because  the  tongue  of  all 
animals  contains  many  varieties  of  epithelium,  any  one  of  which  might  be  expected  to 
undergo  malignant  change  as  easily  as  the  squamous  epithelium.  Cancer  of  the  tongue  is 
unknown  in  children  ;  it  is  rare  in  young  people  ;  becomes  frequent  between  the  ages 
of  forty  and  sixty  ;  and,  until  lately,  it  has  diminished  in  frequency  in  extreme  old  age. 
It  is  common  in  men  ;  rare  in  women.  Moreover,  it  does  not  run  the  same  course  in  men  as 
in  women :  in  men,  it  generally  ends  in  death  within  eighteen  months  of  the  onset  ;  in 
women,  it  appears  more  often  to  run  an  erratic  course.  I  shall  presently  mention  the 
cases  of  women  in  whom  recurrence  took  place  with  such  rapidity,  after  a  complete  opera- 
tion by  a  competent  surgeon,  that  nothing  more  could  be  done  three  weeks  later,  and  of 
others  whose  sufferings  were  mercifully  ended  by  death  after  eighty-four  months  and 
one  hundred  and  eight  months  respectively  of  constant  pain.  Lastly,  the  inherited  pre- 
disposition to  cancer  which  is  thought  to  be  a  feature  in  some  forms  of  carcinoma  seems 
to  be  nearly  absent  in  cancer  of  the  tongue.  Each  of  these  peculiarities  is  deserving  of 
more  careful  consideration  than  it  has  hitherto  received,  for  each  must  be  due  to  some 
discoverable  cause.  I  propose  therefore  to  offer  a  few  suggestions  which  may  be  interest- 
ing to  you  arid  serviceable  to  those  who  choose  to  work  further  upon  the  subject. 


♦  Delivered  at  thie  Royal  College  of  Surgeons  of  England,  November   14,  1918. 
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I.     HISTORICAL. 

I  will  deal  first  with  the  historical  side,  and  in  doing  so  I  find  a  \irgin  page  in  the 
history-  of  medicine.  No  one,  so  far,  has  made  any  attempt  to  write  about  the  literary 
history  of  surgical  disease,  though  such  a  study  would  be  of  great  interest  and  value. 
Such  a  historj-  would  be  easier  to  write  than  that  of  medical  complaints,  because  visible 
pathological  conditions  are  more  readily  observed  than  those  which  are  hidden. 

The  classical  writers  were  well  acquainted  with  cancer  of  the  breast,  of  the  uterus, 
of  the  penis,  and  of  other  parts  of  the  body.  From  Hippocrates  downwards,  they  give 
directions  for  the  treatment  of  these  diseases  either  by  medical  or  surgical  means,  and 
state  when  they  may  and  when  they  may  not  be  removed.  Cancer  of  the  tongue,  at  any 
rate  in  its  later  stages,  is  no  more  difiicult  to  recognize  than  epithelioma  of  the  penis  ;  yet 
Dr.  E.  T.  Withington.  who  is  making  a  special  study  of  the  old  Greek  writers  for  a  new 
edition  of  Liddell  and  Scott's  Lexicon,  tells  me  that  he  has  noticed  a  curious  absence  of 
any  direct  mention  of  cancer  of  the  tongue  in  the  Greek  medical  writers.  The  twelfth 
section  of  the  second  Ixwk  of  the  Prorrheticon*  contains  an  injunction  to  examine  the 
teeth  in  cases  of  chronic  ulcer  on  the  side  of  the  tongue.  The  passage  immediately 
preceding  it  treats  of  the  deep  and  superficial  KapKivoi  occurring  in  elderly  persons,  and 
it  looks  therefore  as  if  the  writer  thought  that  chronic  ulcers  of  the  tongue  might 
sometimes  be  of  this  nature,  but  did  not  like  to  say  so  definitely. 

Galen  (b.  a.d.  131)  describes  functional  disorders  of  the  tongue,  but  says  that  he 
purposely  omits  organic  diseases  because  he  is  considering  them  elsewhere.  This  treatise, 
unfortimately,  has  not  come  down  to  us.f 

Oribasius  (a.d.  326—403)  in  his  Synopsis  has  a  chapter  on  '  Malignant  Ulcers,'  where 
he  mentions  cancer  and  malignant  ulcers  of  the  pudenda,  testes,  and  breasts.  He  also 
has  a  chapter  on  cancer  of  the  vulva,  which  he  says  is  incurable,  and  gives  some 
methods  of  relieving  the  pain,  but  gives  no  hint  of  any  similar  affection  of  the  tongue. 
It  is  probable,  therefore,  that  he  was  unfamiliar  with  cancer  of  the  tongue,  and  had 
never  seen  a  case.* 

In  like  manner  Rufus,  commenting  on  Oribasius  (45,  ii),  gives  a  detailed  account  of 
the  different  forms  of  carcinomata  and  their  usual  localities,  but  omits  all  mention  of  the 
tongue. 

Rhazes  (a.d.  850-923  ?),  says  nothing  about  '  apostema  durum '  when  enumerating  the 
different  forms  of  'apostema'  which  occur  in  the  tongue. 

Avicenna  (a.d.  980-1037),  in  his  Canon  of  Medicine,  devotes  a  long  chapter  to  the 
tongue.  He  may  have  obtained  his  account  of  the  '  apostema  durum  '  and  cancer  of  the 
tongue  from  the  lost  treatise  of  Galen.  At  any  rate  he  mentions  cancer  as  distinct  from 
'  apostema  durum.'  It  is  possible,  therefore,  that  he  had  seen  or  heard  of  a  case,  but  he 
gives  no  detailed  description   of  one.? 

Arnold  of  Villanova  (a.d.  1238-1314),  who  was  an  epitome  of  the  medical  knowledge 
of  the  school  of  Salerno,  wTote  a  chapter  on  '  Ulcers  and  Pustules  of  the  Tongue,'  but 
without  mentioning  any  condition  which  can  at  all  be  described  as  cancer. 

Bernard  Gordon  (fl.  1285),  his  contemporary-,  devoted  a  long  chapter  to  'Diseases  of 
the  Tongue  *  in  his  Lily  of  Medicine.     He  there  speaks  of  '  ulcera  maligna,'  but  states  that 


*  HippoCBATES.  Opera,  Geneva,    1657,  p.  96  e. 

t  The  tongue,  he  says,  is  liable  to  '"  inflammationes,  turaores  duri,  tiunores  moUes,  erysipelata,  suppura- 
tiones,  de  his  vero,  iitp)ote  quae  tirni  visu  turn  tactu  discemi  possunt,  nihil  aliud  in  hisee  comnientariis 
dicemus,  quipjje  eas  duntaxat  affectas  partes  hoc  in  libro  prosequi  proposuimus."  (Galeni  Opera,  Basil, 
1549,  vol.  iv  ;    De  Locis  Affectis,  Liber  iv,  cap.  ii,  p.  88  c. 

X  The  passages  occur  in  the  Synopseos.  Under  '  De  Ulceribus  MaUgnis,'  he  mentions  "  medicamenta  ad 
carcinode,  malignaque  ulcera,  ad  pudendorum,  testium  et  mammarum  inflammationes."  (Liber  \'ii,  cap.  xi.) 
A  little  farther  on  is  the  chapter  '  De  Cancro  Vulvae,'  of  which  he  says,  "  Hie  morbus  curationem  non 
recipit." 

§  AvicEXSA,  Canon,  Liber  iii,  fen.  vi,  cap.  14,  '  De  Apostematibtis  Linguae.'  "  Quandoque  accidunt 
linguae  apostemata  calida,  et  apostemata  phlegmatica,  et  apostemata  ventosa,  et  aptostemata  dura,  et  cancer. 
Et  signa  omnium  illorum  manifesta  erunt  ciun  redierint  ad  illud  quod  dictum  est  in  signis  ajiostematum." 
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they  are  seen  chiefly  in  children,  and  are  easily  cured  by  simple  remedies.     In  all  proba- 
bility, therefore,  they  were  aphthous  ulcers. 

William  de  Salicet  (fl.  1245),  Lanfrank  (d.  1306),  Henri  de  Mondeville  (1260-1:320), 
Jan  Yperman  (1275-1330),  Gui  de  Chauliac  (d.  1368),  and  John  Arderne  (1307-1390), 
all  writers  of  the  great  surgical  text-books  of  the  thirteenth  and  fourteenth  centuries, 
neither  mention  cancer  of  the  tongue,  nor  do  they  describe  any  condition  which  in  the 
least  resembles  it. 

John  of  Vigo  (1460-1517),  with  his  keen  surgical  instinct,  and  Fernelius  (1497-1558), 
who  wrote  on  Universal  Medicine  and  Pathology,  woidd  certainly  have  alluded  to  the 
condition  had  it  been  of  frequent  occurrence  in  their  practice.     Both  are  silent. 

Riverius  (1589-1655)  devoted  the  fifth  book  of  his  Praxis  Medica  entirely  to  diseases 
of  the  tongue.  The  first  edition  was  published  in  1640,  and  he  there  says  expressly, 
"  Tumours  of  the  tongue  do  not  for  the  most  part  endanger  life  unless  they  grow  so  large 
as  to  cause  suffocation,  or  come  from  a  certain  malignant  or  melancholic  humour,  when 
a  cancerous  swelling  may  be  produced  which  is  known  by  its  hardness,  blueness,  and 
pricking  pain."*  It  would  seem  from  this  passage  that  Riverius  had  actually  seen 
cancer  of  the  tongue,  but  it  is  noteworthy  that  he  gives  no  details  of  any  case  in  the 
volume  which  he  published  containing  accounts  of  the  many  patients  who  had  been 
under  his  care  during  his  long  and  busy  life. 

The  first  definite  notice  of  cancer  of  the  tongue  which  I  have  been  able  to  find  is  in 
English.  It  occurs  in  The  Chirurgicall  Lectures  of  Tumours  and  Ulcers,  which  were  given 
by  Dr.  Alexander  Read  to  our  predecessors,  the  United  Company  of  Barber  Surgeons,  in 
their  Hall  in  Monkwell  Street,  on  Tuesdays  in  1635.  Dr.  Read  says,t  "  It  falleth  out  some- 
times that  sores  in  this  member  (the  tongue)  prove  maligne  and  very  fretting,  as  it  hap- 
pened to  the  late  Lord  Mayor  of  London,  Ralph  Freeman.  Hee  lacked  neither  Physitians 
nor  Physicke,  yet  old  age,  weaknesse  and  the  malignitie  of  the  sore  hindered  the  procuring 
of  his  health,  which  his  Physitians  and  Chirurgeans  aimed  at  and  wished  for.  The 
ulcer  was  so  corrosive  that  it  fretted  asunder  the  veines  and  arteries  of  the  tongue  on  that 
side  which  it  possessed  and  caused  a  great  flux  of  blood  which  exceedingly  weakned  him, 
for  that  present  causing  a  strong  syncope,  so  that  afterward  nature  could  not  re-collect 
her  selfe.  When  such  griefes  befall  great  personages  their  case  is  worse  than  that  of  the 
poorest  in  the  like  infirmities,  because  Physitians  and  Chirurgians  are  not  permitted  to 
use  the  like  libertie  in  the  application  of  medicaments  to  the  one  as  to  the  other.  If  the 
like  case  fall  out  hereafter  at  any  time,  I  advise  you  to  use  medicaments  borrowed  of  the 
vegetables  so  that  you  contemne  not  the  minerals.  What  hurt  I  pray  you  can  come  from 
the  use  of  Merc.  Dulcis  and  Merc.  pra;cipitat.  with  gold  ?  None  I  assure  you  ;  for  these 
medicaments  are  familiar  to  nature  and  are  true  balsams  for  maligne  sores. 

"  But  you  may  aske  what  was  the  reason  these  medicaments  were  not  used  ?  I 
answer,  becaiLse  there  was  no  mention  made  of  these  medicaments  at  the  first,  and  it 
was  too  late  to  minister  them  at  the  last,  nature  being  surprised  :  for  this  only  would 
have  made  the  medicaments  odious,  and  the  Physitian  (who  should  have  advised  this 
course)  obnoxious  to  calumnie  and  reproach." 

Ralph  Freeman  died  on  March  16,  1633-4,  during  his  year  of  office  as  Lord  Mayor 
of  London,  evidently  from  secondary  haemorrhage  due  to  cancer  of  the  tongue.  Dr.  Read 
wished  to  administer  mercury,  but  was  overruled.  It  is  possible,  therefore,  that  he 
thought  an  antisyphilitic  course  might  have  been  useful  ;  on  the  other  hand,  mercurius 
dulcis,  which  was  the  precursor  of  calomel,  was  just  coming  into  vogue,  and  was  being 
employed  in  every  form  of  inflammation  by  those  advanced  physicians  who  had  adopted 


•  "  Tumores  linguae  ut  plurimum  vitae  periculum  non  afferimt  nisi  in  tantam  molem  excreverint  ut  inde 
suflfocatio  metiienda  sit,  aut  ex  humore  quodam  maligno  atque  atrabiliario  ortum  duxerint  unde  cancrosus 
tumor  generari  potest  quod  duritie,  lividitate,  ac  dolore  pungitivo  internoscitur." 

+  "  The  Chirurgicall  Lectures  of  Tumors  and  Ulcers,  delivered  on  Tusedayes  appointed  for  these  exercises 
and  keeping  of  their  Courts  in  the  Chirurgeans  Hall  these  three  yeeres  last  past  viz.  1632,  1633  and  1634. 
Lond.     4to.      1635."     Treat.  2,  lect.  26,  p.  313. 
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the    new   chemical   pharmacy  then  replacing  the   treatment    by  herbs  which  had  been 
in  use  from  time  immemorial. 

It  is  interesting  that  this  first  record  of  a  case  of  cancer  of  the  tongue  which  I  have 
been  able  to  discover  should  have  been  presented  just  two  hundred  and  eighty-four  years 
ago  to  an  audience  similar  to  that  which  I  am  now  addressing — the  Master,  Wardens,  and 
Members  of  the  United  Company  of  Barbers  and  Surgeons  :  the  only  difference  being  that 
attendance  on  Dr.  Read's  lecture  was  compulsory",  the  attendance  here  to-day  is  voluntars". 
At  that  time  it  was  enacted  that  "  everj'  man  of  the  Company  useing  the  mystery  and 
facultye  of  surgerj' — be  he  freman,  fforeyn  or  alian  straunger — shall  come  unto  the 
lecture,  being  by  the  Beadle  warned  thereto.  And  for  not  keepinge  their  houre  both  in 
the  forenoone  and  also  in  the  aftemoone  and  being  a  ffreman  shaU  forfav-t  and  paye  at 
everj'  tyme  iiiid." 

From  the  middle  of  the  seventeenth  centurj'  onwards,  cancer  of  the  tongue  was  a  well- 
recognized  surgical  disease  in  England,  for  Wiseman  and  other  writers  on  surgery  make 
frequent  mention  of  it,  and  were  devising  methods  for  its  cure. 

It  was,  however,  still  rare  in  Germany,  for  Paul  de  Sorbait  published  a  case  in  1672. 
"  We  saw,"  he  says,  "  an  ulcer  [of  the  tongue]  degenerating  into  cancer  in  the  case  of 
the  noble  Baron  Vertemali,  which  caused  such  a  haemorrhage  from  destruction  of  the 
sublingual  arteries  and  veins  that  the  patient  was  suffocated.  He  recognized  with  great 
penitence  that  the  cause  of  this  cancer  was  a  divine  punishment  because  he  had  often 
abused  the  clerg\"."  * 

Bonetus  (1620-1689),  writing  on  the  tongue  and  its  diseases  thirteen  years  later, 
seems  to  have  been  unable  to  find  another  case — unless,  indeed,  he  wished  to  point  a 
moral — for  he  quotes  the  same  case  with  some  elaboration  of  details.  *"  There  was 
lately,"  he  says,  "  a  certain  Baron  who  had  a  ver\'  poisonous  tongue.  He  not  only 
directed  his  jibes  against  all  and  sundr>%  but  kept  his  most  venomous  shafts  for  the  clergy 
and  those  who  devoted  themselves  to  God's  service.  He  was  caught  at  last  in  the  very 
act  when  he  was  pealing  this  cursed  bell,  by  a  holy  brother  of  good  repute,  who  said  to 
him,  'Your  foul  tongue  has  overlong  deserved  that  punishment  from  an  offended  God 
which  it  will  shortly  receive.'  The  Baron  went  off  undismayed,  but  a  few  days  afterwards 
a  small  swelling  began  to  grow  on  the  side  of  his  tongue.  Little  by  little  it  increased  in 
size  until  it  became  an  inoperable  cancer,  and  at  length,  the  tongue  having  become 
incurved,  twisted,  and  drawn  back  to  the  fauces,  miserably  afflicted,  but  penitent  and 
confessed,  he  was  summoned  before  the  Great  Judge  who  calls  his  ser\-ants  to  a  most 
strict  account."  f 

I  think  from  the  historical  side  it  is  fair  to  assume  that  cancer  of  the  tongue  has 
always  existed  ;  that  during  the  classical  and  mediaeval  periods  it  was  so  rare  as  hardly 
to  merit  attention  by  the  ordinary-  writers  on  surgery  ;  in  the  seventeenth  century  it 
became  common :   and,  as  I  shall  show  presently,  its  frequency  is  still  increasing. 

During  the  sixteenth  centur\%  therefore,  something  occurred  to  increase  the  frequency 
of  cancer  of  the  tongue  ;  and  three  causes  at  once  suggest  themselves,  for  they  were 
new  factors,  and  greatly  influenced  the  social  life  of  the  time — syphilis,  tobacco,  and  the 
consumption  of  alcohol  in  the  form  of  spirits.  Of  syphilis  I  shall  speak  in  greater  detail 
presently. 

*  Universa  Medicina,  Tract.  I.  cap.  34.  "  Vidimus  in  Illustrissimo  Barone  de  Vertemali,  utpote  qui, 
in  cancrum  degenerans,  corrosis  sublingualibus  venis  et  arteriis,  hsemorrhagiam  tantam  excitavit,  ut  ea 
suffocatus  fuerit  Aeger.  Causani  hujus  cancri,  summa  ductus  poenitentia,  agnovit  ipse  diWnam,  eo  quod 
Religiosis  graviter  et  frequenter  detraxisset." 

t "  Nuper  quidain  Baro  in  more  habuit  venenatissima  Linguae  jacula,  non  tantiun  in  quemlibet  sed 
maxime  in  Deo  devotos  religiosos  frequentissime  jaculari  ;  in  flagranti  a  pio  honestaeque  vitae  religioso 
deprehensus  fuit,  cum  infemale  hoc  pulsaret  tintinnabulum  ;  ad  quem  religiosus  ait,  quam  maledicta  tua 
lingua  jaraduduni  meruit  poenam  ex  justa  Dei  vindicta  intra  breve  tempus  experietur.  Relicto  et  minime 
commoto  Barone,  elapsis  paucis  diebus  Tumor  exiguus  ad  Linguae  latera  pulhdare  coepit,  qui  paidatim 
crescens  carcinomatis  inexpugnabilis  natiuram  manifestavit,  a  quo  tandem  inciurvata,  conNTilsa  et  retracta 
ad  fauces  lingua,  niiserrime  delictum,  poenitenter  confessus  ad  strictissimum  Judicem  suorum  famulorum 
vindicem  acerrimum,  commigravit.  (Medicina  Septentriolantis  CoUatitia,  1685,  vol.  i,  p.  302.  The  case  is 
headed  '  Tumor  Linguae  Miraculosus.') 
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Tobacco,  as  is  well  known,  was  broiij;ht  from  Cuba  by  the  Spaniards  in  1497, 
and  luuier  the  name  of  Petum  was  introduced  into  Europe  on  account  of  its  medicinal 
properties.  Inhahition  of  the  smoke  was  also  learnt  from  the  Indians,  but  it  was  not  until 
1586  that  Ralph  Lane  brought  the  implements  and  materials  for  smokinjif  into  England, 
althoujjh  a  few  persons  had  acquired  the  habit  as  early  as  1573.  It  quickly  took  root 
amongst  the  Elizabethan  courtiers,  the  pipes  being  short  and  made  at  first  of  silver  and 
afterwards  of  clay,  as  is  known  from  the  pipes  and  pipe-cases  belonging  to  Sir  Walter 
Raleigh,  which  are  still  preserved  in  the  Wallace  Collection  at  Hertford  House. 

The  poor  at  this  time  were  content  with  a  walnut-shell  and  a  straw.  One  pipe  often 
sufficed  them  for  a  smoking  party,  the  pipe  being  handed  round  the  table  at  threepence 
a  pipeful.  It  is  hardly  surprising  that  sore  tongues  increased  rapidly  in  number.  Syphilis 
at  the  same  time  was  rife,  and  the  older  treatment  by  mercury  was  beginning  to  give  place 
to  guaiacimi  and  other  less  reliable  remedies.  Syphilis  of  the  tongue,  both  as  a  primary 
lesion  and  as  a  late  glossitis,  soon  became  well-known  to  the  medical  profession. 

The  practice  of  smoking  was  at  first  essentially  English,  but  it  quickly  spread  to  the 
north  of  Europe,  being  probably  introduced  by  our  sailors.  King  James  I  tried  to  stop 
the  habit,  and  in  1604  issued  his  Counterhlaste  to  Tobacco,  in  which  he  says  that  smoking 
is  "A  Custome  loathsome  to  the  Eye,  hatefull  to  the  Nose,  harmefull  to  the  braine, 
dangerous  to  the  lungs,  and  in  the  black-stinking  fume  thereof  neerest  resembling  the 
horrible  Stigian  smoke  of  the  pit  that  is  bottomlesse."  The  Counterhlaste  was  useless  ; 
but  although  the  custom  was  well  established  in  London,  it  took  a  long  time  to  spread 
through  the  country,  and  as  late  as  1665  it  was  noted  as  something  unusual  that  '  such 
an  one  was  a  smoker  of  tobacco.' 

Alcohol. — It  is  often  said  that  alcohol  in  the  form  of  spirits  plays  some  part  in  the 
production  of  cancer  of  the  tongue,  but  history  does  not  appear  to  show  any  close  inter- 
relation between  spirit  drinking  and  lingual  carcinoma.  During  the  seventeenth  century 
social  habits  remained  very  much  as  they  had  always  been.  In  London,  breakfast  was 
not  usually  eaten,  but  a  piece  of  bread  with  a  draught  of  wine  or  a  cup  of  beer  was  taken 
at  a  tavern  some  time  in  the  morning.  Dinner  was  the  chief  meal  of  the  day,  and 
taverns  were  used  for  that  purpose  nearly  as  often  as  we  now  go  to  restaurants.  The  fare 
was  simple  but  ample,  and  although  men  were  often  "  scandalously  overserved  with 
liquor,"  it  was  usually  with  wine  or  beer.  Spirits,  in  the  form  of  Scotch  whiskey  or 
French  aqua  vitae,  were  esteemed  as  early  as  the  sixteenth  century,  but  they  were  not 
much  drunk  until  the  reign  of  Elizabeth,  nor  was  any  excise  duty  imposed  imtil  1684, 
and  in  that  year  it  was  only  levied  upon  a  little  more  than  half  a  million  gallons. 

Habits  changed  quickly  after  the  introduction  of  coffee.  Men  became  interested  in 
learning  the  news,  and  frequented  the  coffee-houses.  Coffee-houses  in  turn  gave  place  to 
social  clubs,  where,  in  place  of  coffee,  a  bottle  of  wine  or  a  bowl  of  punch  became  the 
popular  beverage,  and  the  use  of  spirits  thus  increased  so  enormously  that  during  the 
years  1721-91  the  consumption  of  British  spirit,s  alone  reached  an  average  of  0*62  gallon 
per  head  of  the  population,  an  amount  which  did  not  include  foreign  and  colonial 
spirits.  The  eighteenth  century  was  a  jovial,  sociable,  hard-living  age,  when  men  drank 
spirits  freely,  kept  extraordinarily  late  hours,  and  yet  were  obliged  to  take  much  physical 
exercise  owing  to  the  poor  facilities  for  travelling  both  in  town  and  country.  Cancer  of 
the  tongue  increased  in  frequency  during  this  period,  but  not  out  of  proportion,  so  far  as 
can  be  ascertained.  It  seems  probable,  therefore,  that  spirit  drinking  is  not  an  important 
factor  in  its  causation.  During  the  whole  of  this  period  syphilis  continued  unabated, 
but  it  was  treated  so  severely  by  salivation  and  diet  that  many  died  of  the  cure. 

II.     ZOOLOGICAL     DISTRIBUTION. 

Cancer,  as  is  well  known,  occurs  in  many  vertebrate  animals,  from  mammals  to  fish. 
Its  zoological  distribution  has  been  the  subject  of  more  than  one  interesting  contribution 
to  the  reports  of  the  scientific  investigations  of  the  Imperial  Cancer  Research  Fund. 
The  types  of  carcinoma  do  not  differ  materially  in  human  beings  and  in  animals,  when 
similar  organs  are  affected. 
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I  have  made  enquiries  of  my  friend  Sir  John  M'Fadyean,  the  Principal  of  the  Royal 
Veterinary-  College,  and  of  Dr.  J.  A.  Murray,  Director  of  the  Imperial  Cancer  Research 
Fund,  as  to  the  frequency  with  which  cancer  of  the  tongue  occurs  in  animals.  Sir  John 
M'Fadyean  has  had  especial  facilities  for  gaining  knowledge  of  this  nature,  because  he 
asked  in  1890  that  veterinary  surgeons,  stockowners,  and  others  would  send  him  all 
tumours  excised  by  them  in  order  that  he  might  collect  information  regarding  the  occur- 
rence of  cancer  in  domesticated  animals.  The  appeal  brought  him  a  considerable  number 
of  specimens,  and  he  writes  to  me  in  1918,  twenty-eight  years  after  this  appeal  was 
issued  :  ''  In  1890  I  published  in  the  Journal  of  Comparalive  Pathology  an  account  of 
a  case  of  cancer  of  the  tongue  in  a  cat.  It  was  the  first  case  I  had  seen  in  any  animal,  and 
since  then  I  have  only  seen  one  other  case,  and  that  was  in  the  tongue  of  a  horse.  The 
tumour  in  the  horse  had  been  diagnosed  during  life  as  one  of  actinomycosis,  but  the 
appearance  of  the  tongue  after  death  was  different  from  actinomycosis  as  seen  in  the 
tongue  of  cattle,  and  microscopical  examination  showed  that  the  case  was  one  of  quite 
typical  epithelioma."" 

The  details  of  Sir  John  M"Fadyean"s  first  case  are  as  follows :  "  Carcinoma  of 
a  Cat's  Tongue. — The  tumour  grew  on  the  tongue  of  a  cat,  and  was  handed  to  me 
by  Professor  Walley.  The  cat  was  a  male,  and  aged  twelve  years.  It  had  been  ill 
for  about  two  months  prior  to  the  date  at  which  it  was  killed,  the  svTnptoms  obser\-ed 
being  discharge  of  saliva  with  occasional  streaks  of  blood,  difficulty  of  mastication  and 
deglutition,  and  progressive  emaciation.  Microscopical  examination  showed  that  the 
tumour  was  composed  essentially  of  masses  of  epithelium  burrowing  along  the  lymphatic 
spaces  of  the  tongue.  The  epithelium  resembled  pretty  closely  that  of  the  deepest  layer 
of  the  buccal  mucous  membrane.  Each  cell  had  a  large  nucleus  and  a  deeply  staining 
(carmine)  nucleolus.  The  central  cells  in  the  larger  masses  of  epithelium  had  undergone 
a  colloid  degeneration,  probably  in  consequence  of  defective  nutritive  supply.""  * 

In  like  manner.  Dr.  Murray  writes :  "  I  can  only  recollect  two  cases  of  squamous- 
celled  carcinoma  linguae  in  animals  in  our  material,  both  in  cats."' 

In  1902  Dr.  Anton  Sticker  published  a  very  elaborate  paper  '  Ueber  den  Krebs  der 
Thiere,'  f  in  which  he  analyzed  the  occurrence  of  cancer  in  215,037  horses,  5795  cattle, 
91,273  dogs,  1732  cats,  and  many  pigs.  In  this  vast  collection,  cancer  of  the  tongue 
only  occurred  in  one  old  dog. 

The  net  result,  therefore,  is  that  one  horse,  three  aged  cats,  and  one  old  dog  are 
known  to  have  died  of  cancer  of  the  tongue,  and  in  each  case  it  was  a  squamous-celled 
carcinoma.     Nothing  is  known  of  the  pre%ious  history  of  these  animals. 

These  figures  show  that  cancer  of  the  tongue  occurs  in  domesticated  animals,  but 
so  rarely  that  it  is  negligible,  and  that  when  it  occurs  it  is  of  the  squamous-celled  variety, 
just  as  it  is  in  the  human.  It  seems  fair  to  assume  that  cancer  of  the  tongue  in  domes- 
ticated animals  at  the  present  time  has  not  increased  in  frequency,  but  remains  the  same 
as  it  has  always  been  ;  and,  as  I  have  already  said,  history  appears  to  show  that  until  the 
seventeenth  centurv'  cancer  of  the  tongue  was  as  infrequent  in  men  as  it  now  is  in  animals. 

III.  STATISTICAL. 

Leaving  now  the  historical  and  scientific  sides  of  the  question,  and  turning  to  the 
statistical  aspect.  Dr.  T.  H.  G.  Stevenson,  superintendent  of  statistics  at  the  Central 
Register  Office,  Somerset  House,  tells  me  that  cancer  of  the  tongue  had  already  attracted 
the  attention  of  the  Registrar-General  as  early  as  1909,  when  he  ^v^ote,  "  The  increase 
amongst  males  from  cancer  of  the  jaw  and  especially  of  the  tongue  is  remarkable,  and  can 
scarcely  be  explained  by  improved  diagnosis.  Although  cancer  of  the  tongue  in  its  later 
stages  presents  little  difficulty  in  diagnosis,  the  recorded  mortality  has  increased  amongst 

•  Journal  of  Comparative  Pathology  and  Therapeutics,  1890,  vol.  iii,  p.  41 ;  with  an  illustration  of  the 
microscopic  appearances. 

t  Arch.  f.  klin.  Chir.  von  Langenheck,  Bd.  5G,  1902,  pp.  616,  1023,  and  1067. 
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males  by  no  less  than  228  per  cent  in  41  years.  The  increase,  moreover,  is  entirely  con- 
fined to  the  male  sex.'**  This  remarkable  statement  is  based  upon  the  followinj^  figures, 
which  show  the  annual  death-rate  per  million  living,  35  years  of  age  and  upwards  : — 

Males    . . 
Females 

The  increase  in  the  death-rate  from  cancer  of  the  tongue  continued  to  increase,  until 
in  1915  it  had  more  than  trebled  since  1868.  There  was  still  no  material  increase  for 
women,  and  amongst  men  the  increase  was  chiefly  at  the  higher  ages,  that  is  to  say,  from 
65  years  upwards.  Thus,  the  mortality  between  the  ages  of  65  and  75  was  283  in 
1901,  and  432  in  1916  ;  between  75  and  85  it  was  284  in  1901,  and  420  in  1916  ; 
whilst  in  persons  over  85  it  was  166  in  1901,  and  no  less  than  516  in  1916. 

It  is  a  pity  that  statistics  of  death  from  cancer  of  the  tongue  are  not  available  before 
1868,  but  Dr.  Charles  Singer  has  done  something  to  remedy  the  omission.  He  statesf 
that  "  the  death  registers  referring  to  the  Chelsea  Hospital  for  old  soldiers  have  been 
examined  from  the  years  1837"  to  1910,  and  among  4,719  deaths  of  pensioners  of  the  age 
of  55  and  upwards,  at  least  62  were  certified  as  due  to  oral  cancer.  Of  these  62,  at  least 
28  were  carcinomata  of  the  tongue  and  floor  of  the  mouth,  giving  the  proportion  of  deaths 
due  to  the  last  two  causes  as  6  per  1000." 

An  examination  of  the  blue-books  issued  by  the  General  Registrar  shows  that  of  the 
deaths  of  males  over  55  years  of  age  registered  in  England  and  Wales  during  the  years 
1901-1909,  only  3-5  per  1000  deaths  were  due  to  cancer  of  the  tongue.  Thus,  even 
with  the  imperfect  certification  and  greater  statistical  rarity  of  carcinoma  in  earlier  years, 
cancer  of  the  tongue  appears  to  have  been  twice  as  common  among  this  group  of  old 
soldiers  as  among  the  general  population  of  comparable  age  in  Britain  to-day. 

It  should  be  remembered  that  the  pensioners  in  this  series  were  long-service  men, 
and  that,  in  the  earlier  years  at  least,  many  of  them  must  have  been  serving  in  1817,  at  a 
time  when  Thomas  Rose,  J  surgeon  to  the  Coldstream  Guards,  had  nearly  persuaded  the 
Army  that  syphilis  could  be  cured  without  mercury,  a  heresy  which  was  supported  by 
Guthrie,?  but  was  not  shared  by  the  soldiers  themselves,  many  of  whom  bought  Liq.  Hyd. 
Perchlor.  privately,  and  thereby  made  the  fortune  of  a  druggist  living  near  tlieir  barracks. 

Some  additional  facts  can  be  gleaned  from  the  reports  of  the  Registrar-General.  I 
Here  is  a  table  showing  the  ages  at  which  death  occurred  from  cancer  of  the  tongue  during 
the  years  1901-1909  in  6257  men  and  782  women  : — 


AGE 

*T  Death 

Males 

Females 

Under  6 

years 

0 

1 

„     10 

1 

0 

,     15 

1 

0 

,    20 

2 

3 

,     25 

33 

53 

,     35 

427 

85 

.     46 

1026 

128 

,     65 

2143 

167 

,     65 

1485 

209 

.     75 

498 

121 

86  and  upwards   . . 

41 

15 

Totals 

6257 

782 

*  Seventy -second  Anniml  Report,  p.  xciii. 

■f  The  Quarterly  Journal  of  Medicine,   1911,  vol.  v,  p.   20. 

X  Medico-Chir.   Trans.,  vol.  viii,  p.   346. 

%Ibid.,   p.   545. 

li  Seventy -second  Annual   Report,  pp.   Ixxxii-Ixxxv. 


ON  CANCER  OF  THE  TONGUE 


343 


This  table  shows  that  the  true  proportion  of  males  to  females  affected  with  cancer 
of  the  tongue  is  8  to  1.  Our  hospital  statistics  give  a  proportion  of  18  to  1 ;  Sir  Henry 
Butlin  thought  it  was  6  to  1.  The  table  also  shows  that  at  that  time  the  optimum, 
or  shall  I  not  rather  say  the  pessimum,  age  for  cancer  of  the  tongue  is  55-65  in  males, 
and  65-75  in  females.  The  table,  to  be  strictly  accurate,  should  be  headed  '  Cases  of 
Malignant  Disease  of  the  Tongue,'  because  the  two  or  three  cases  occurring  in  very 
young  persons  are  almost  certainly  sarcomata  and  not  carcinomata. 

The  difference  in  the  death-rates  of  males  and  females  has  already  been  noticed  by 
Dr.  Charles  Singer,  who  plotted  it  out  in  curves  on  the  accompanying  chart  (Chart  1) 
which  he  has  kindly  allowed  me  to  reproduce  from  his  article,  'A  Study  of  some  Factors 
in  the  .^itiologj'  of  Oral  Carcinoma.'*     He  says,  "  The  death-rate  presented  by  cancer  of 
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the  tongue  has  certain  peculiarities  which  are  not  shared  by  that  of  cancer  of  other  parts  of 
the  body.  It  differs,  in  the  first  place,  from  the  death-rate  from  malignant  disease  of  those 
other  parts  of  the  body  in  which  a  liability  is  shared  by  both  sexes,  in  the  marked  differ- 
ences in  character  of  the  age  incidence  of  males  and  of  females  (Chart  1).  The  death-rate 
from  cancer  of  the  tongue  in  males  rises  steadily  until  about  the  sixty-fifth  year,  when 
the  rate  remains  almost  uniform  for  two  decades,  to  fall  again  in  extreme  old  age.  In  the 
female  cases  the  death-rate  rises  slowly  at  first,  and  by  no  means  parallel  to  the  male  ; 
then,  becoming  accelerated  about  the  sixtieth  year,  it  rises  rapidly  to  a  maximum  at  or 
about  the  eightieth  year,  and  again  falls  slightly  (though  less  than  the  male  curve)  at  the 
extreme  limit  of  life. 


*  The  Quarterly  Journal  oj  Medicine,  1911,  vol.  v,  p.  22. 
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"  The  chart  illustrating  the  death-rate  from  lingual  cancer  thus  presents  the  following 
characteristic  features  :  («)  The  dissimilarity  of  the  male  and  female  curves  ;  (b)  The 
approximately  equal  rates  for  males  in  the  decades  65-75  and  75-85  ;  (c)  The  drop  in 
extreme  old  age  in  both  sexes.  As  regards  the  general  form  of  the  curves  presented  by 
this  group  of  cases,  it  may  be  said  that,  while  the  male  curve  is  a  type  of  its  own,  the 
female  curve  accords  fairly  well  with  those  for  cancer  of  several  other  parts  of  the  body, 
and  is,  for  example,  closely  similar  to  the  curve  for  cancer  of  the  rectum  in  either  sex 
{Chart  2)"'. 
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IV.  POSSIBLE  FACTORS  CAUSING  THE  INCREASE  IN    CANCER  OF  THE  TONGUE. 

It  is  clear  from  the  historical  and  statistical  evidence  that  cancer  of  the  tongue  is 
increasing  in  frequency,  and  at  the  present  time  it  is  increasing  more  rapidly  in  men  than 
in  women.  It  is  of  interest,  therefore,  to  try  and  discover  some  of  the  factors  which  have 
caused  this  increase.  Irritation  is  thought  to  be  an  important  factor  in  the  causation  of 
cancer,  and  I  have  therefore  been  at  some  pains  to  ascertain  whether  the  state  of  the 
teeth  has  altered  materially  since  cancer  of  the  tongue  became  rife,  because  many  patients 
state  that  injury  to  the  tongue  by  a  tooth  was  the  origin  of  the  cancer. 
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a.  Pyorrhoea  Alveolaris  vel  Periodontitis. — Pj'oirhoea  is  widely  distributed  throughout 
the  human  race,  and  is  often  met  with  in  animals  under  domestication,  as  well  as  in  wild 
animals  kept  in  captivity.  The  animals  which  have  been  most  carefully  observed  in 
regard  to  pyorrhoea  are  the  horse,  the  cat,  and  the  dog — the  three  animals  in  which  cancer 
of  the  tongue  has  occasionally  occurred. 

Amongst  600  horses  working  in  London,  it  was  found  that  approximately  one-third 
presented  some  degree  of  periodontal  disease,  mainly  of  local  origin  and  the  result  of  injury 
to  the  mucoperiosteum  by  foreign  bodies  in  the  diet. 

Periodontal  disease  is  also  extremely  prevalent  in  domestic  cats  and  dogs.  It  is 
most  frequent  in  highly-bred  cats,  because  they  are  fed  on  soft  food,  whilst  the  ordinary 
domestic  cat,  which  has  to  get  its  own  living  and  feeds  upon  a  meat  diet,  is  comparatively 
free.  The  same  holds  true  for  dogs.  Pyorrhoea  is  seen  most  commonly  in  lapdogs  and 
dogs  with  short  muzzles,  and  especially  in  the  functionless  incisor  teeth  of  bulldogs.  Dogs 
li\ing  on  a  good  flesh  diet  which  gives  plenty  of  exercise  to  the  jaws  are  invariably  free 
from  the  disease.  It  is  clear,  therefore,  that  whilst  pyorrhoea  may  act  as  a  source  of 
irritation  to  the  tongue,  it  is  only  of  minor  importance  in  producing  cancer,  as  otherwise 
cats  and  dogs  should  be  affected  much  more  often  than  is  actually  the  case. 

6.  Caries. — Caries  of  the  teeth,  in  like  manner,  seems  to  be  only  of  slight  importance 
as  a  factor  in  causing  cancer  of  the  tongue,  although  it  is  often  put  forward  prominently 
as  an  exciting  cause. 

Dental  surgeons  have  done  much  good  work  in  determining  the  existence  of  caries 
in  the  teeth  of  different  races  from  prehistoric  times  to  our  day.  The  late  Mr.  Mummery 
examined  over  3000  skulls  to  determine  the  prevalence  of  dental  caries,  and  tabulated 
the  results  of  1658  cases.  Caries  occurs  from  the  earliest  times,  varying  in  frequency 
in  different  districts.  Among  68  skulls  obtained  from  Wiltshire  barrows,  there  was  only 
a  single  case  of  decay ;  whilst  in  44  skulls  from  similar  long  barrows  in  the  more  northern 
parts  of  England,  there  were  9  cases  of  caries. 

During  the  bronze  age  caries  was  more  fi^quent,  for  there  were  7  instances  in  32 
skulls,  whilst  in  the  Yorkshiremen  of  this  period  there  were  no  less  than  26  cases  of 
caries  in  the  60  skulls  examined. 

During  the  Roman  period  the  teeth  were  often  diseased,  and  in  143  Roman  skulls 
41  were  thus  affected,  the  amount  of  caries  in  some  indi\iduals  being  very  great  ; 
thus,  in  one  woman,  aged  about  thirty,  every  molar  and  ever\^  bicuspid  was  diseased.  If 
such  a  large  proportion  of  Romans  in  Britain  suffered  from  caries,  there  is  no  reason  to 
suppose  that  the  Romans  at  home  were  exempt ;  and  if  dental  caries  and  stumps  were  an 
important  cause  of  cancer  of  the  tongue,  it  must  certainly  have  attracted  the  attention 
of  the  classical  writers  on  surgerj-.  Yet  Celsus,  in  speaking  of  ulcers  of  the  tongue, 
contents  himself  with  following  the  statement  in  the  Prorrheticon  of  Hippocrates,  sajing, 
"  Those  on  the  side  of  the  tongue  last  a  very  long  time,  and  it  should  be  noticed 
whether  there  is  a  sharp  tooth,  for  this  often  prevents  healing  and  may  need  filing."  * 

In  Anglo-Saxon  times  the  proportion  of  teeth  affected  with  caries  was  certainly  less 
than  in  Roman  times,  and  Mr.  Mummery  states  that  he  only  met  with  it  in  12  out  of  76 
Anglo-Saxon  skulls.  We  have  no  knowledge  of  the  incidence  of  dental  caries  in  England 
from  the  time  of  the  Conquest  until  the  beginning  of  the  seventeenth  century, 
Mr.  J.  F.  Colyer  has  now  taken  up  the  investigation,  and  has  been  examining  skulls 
obtained  from  the  Clare  Market  district  in  the  immediate  neighbourhood  of  this 
college.  Large  numbers  of  Londoners  were  buried  in  the  graveyard  which  occupied  this 
site  between  the  years  1600  and  1800.  He  tells  me  that  3443  teeth  were  present  in  the 
skulls  which  he  examined,  and  319  of  these  were  carious,  the  percentage  of  carious 
teeth  being  therefore  9-2  per  cent,  as  against  28  per  cent  in  the  Romano-British  period. 
In  the   skulls   and   mandibles   examined   by    Mr.    Colyer,   669   teeth    had  been  lost  from 

*  Linguae  ulcera  .  .  .  quas  in  latera  ejus  nascuntur  diutissime  durant.  Videndumque  est  nam 
contra  dens  aliquis  acutior  sit,  qui  saneseere  saepe  ulcus  in  eo  loco  non  sinit  ;  ideoque  limandus  est. 
Celsus,  JHedicincB,  Lib.  vi,  cap.  xii. 
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disease.  If  these  speeiniens  are  examined  more  in  detail,  "  we  find  in  the  complete 
dentures  1683  teeth  were  present,  of  which  68  were  carious,  or  just  over  4  per  cent,  while 
in  the  incomplete  dentures  there  were  1760  teeth  present,  of  which  251  were  carious, 
that  is  14.'2  per  cent.  In  the  latter  group  669  teeth  were  missing,  and  of  these  it 
would  be  a  generous  estimate  to  assume  that  half  were  lost  from  caries,  and  the  other 
half  from  periodontal  disease.  If  the  estimated  carious  teeth  be  added  to  the  known 
carious  teeth,    the  figures  would  indicate  about  one-third  carious." 

It  seems,  therefore,  as  though  the  proportion  of  carious  teeth  amongst  modern 
Londoners  is  about  the  same  as  in  Romano-British  times.  A  fallacy  lies  in  the  small- 
ness  of  the  numbers  under  consideration ;  but  if  it  be  assumed  for  the  sake  of  argument 
that  they  are  substantially  correct,  the  conclusion  must  be  drawn  that,  whilst  the  number 
of  cases  of  caries  has  not  increased,  there  has  been  a  very  rapid  increase  in  cases  of 
cancer  of  the  tongue.  Caries,  therefore,  is  not  an  important  factor  in  causing  lingual 
carcinoma. 

c.  Syphilis  and  Tobacco. — None  of  the  factors  so  far  enumerated  exercises  a  prepon- 
derating influence  upon  the  increase  of  cancer  of  the  tongue.  It  remains,  therefore,  to 
consider  in  somewhat  greater  detail  the  two  factors  pointed  out  by  the  history  of  the 
disease — syphilis  and  tobacco. 

I  have  recently  examined  the  records  of  patients  admitted  into  St.  Bartholomew's 
Hospital  suffering  from  cancer  of  the  tongue  during  the  years  1909-1916.  During  that 
period  169  persons  entered  the  Hospital  with  this  disease.  Most  of  them  submitted  to 
operation,  a  few  were  inoperable,  and  some  discharged  themselves  after  a  preliminary 
examination.  The  diagnosis  of  ' squamous-celled  carcinoma'  was  verified  in  every  case 
operated  upon,  by  an  independent  microscopical  examination  carried  out  in  the  Patho- 
logical Institute  attached  to  the  Hospital. 

Women. — Of  the  patients,  9  were  women,  and  160  men.  The  proportion  of  women 
to  men,  therefore,  was  nearly  one  to  eighteen,  which,  as  I  have  already  said,  is  much 
smaller  than  the  true  proportion  as  shown — by  the  returns  of  the  Registrar-General — 
viz.,  one  woman  to  eight  men. 

Seven  of  the  nine  women  were  married,  one  was  unmarried,  and  the  social  state  of 
the  other  is  not  given.  Of  the  seven  married  women,  one  gave  a  history  of  syphilis ;  two 
had  healed  syphilitic  scars  on  the  body  ;  one  was  a  widow  who  had  only  one  child  alive 
out  of  a  family  of  five — ^the  note  adds  "  she  looks  as  if  she  drank ; "  one  had  suffered 
from  leucoplakia  of  the  tongue  from  the  age  of  17,  and  stated  that  her  father  had  suffered 
from  "  an  abscess  of  the  brain,"  of  which  he  was  cured  by  medicine — this  was  probably 
a  gummatous  meningitis,  the  patient  herself  being  the  subject  of  inherited  syphilis ; 
there  was  no  history  of  syphilis,  either  acquired  or  inherited,  in  the  other  two  married 
women.  The  unmarried  woman,  a  nurse  aged  42,  said  that  her  father  died  of  aneurysm, 
and  that  one  sister  had  cancer  of  the  breast.  The  patient  herself,  during  the  same  month  in 
which  she  first  noticed  the  ulcer  on  her  tongue,  found  that  her  right  eye  was  fixed  in  such 
a  manner  that  she  could  not  turn  it  outwards — abducent  paralysis.  This  affection  of  the 
eye  was  cured  by  medicine,  and  was  probably  syphilitic  in  origin. 

All  the  women  had  bad  teeth,  and  attributed  the  cancer  of  the  tongue  to  irritation 
caused  either  by  the  teeth  or  by  a  badly-fitting  or  broken  denture.  None  of  them 
smoked.     In  none  of  these  cases  was  a  Wassermann  test  done. 

The  duration  of  the  disease  had  varied  greatly  in  these  women.  In  one,  a  woman 
of  52,  the  cancer  grew  so  rapidly  that  the  tongue  was  removed  three  weeks  after  the  first 
occurrence  of  symptoms  ;  whilst  in  another  patient  the  tongue  had  been  painful  for 
eleven  years  before  an  operation  was  considered  necessary. 

There  was  also  an  interesting  case  which  may  be  mentioned  here,  though  it  does  not 
Ijelong  to  the  series,  as  it  was  under  the  care  of  Sir  Henry  Butlin,  The  patient  was  a 
married  woman,  age  24,  with  pyorrhoea.  She  was  admitted  to  the  hospital  with  a  cancer 
of  the  tongue  dating,  as  she  said,  from  the  irritation  of  a  carious  tooth  in  May,  1898. 
Sir  Henry  Butlin  removed  her  tongue  on  Dec.  9,  1898.  She  was  discharged  from  the 
hospital  on  Jan.  7,   1899,  and  returned  on  Jan.  23  of  the  same  year — i.e.,  only  sixteen 
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days  later — with  such  extensive  recurrence  that  no  farther  operation  could  be  under- 
taken. This  woman  had  suffered  repeatedly  from  small  ulcers  of  the  tongue  before  the 
cancerous  ulcer  was  observed.  These  ulcers  had  appeared  in  crops  three  or  four  at  a 
time,  but  were  curable.  The  case  is  remarkable,  both  on  account  of  the  youth  of  the 
patient  and  the  rapidity  of  recurrence  after  removal  of  the  tongue  by  a  surgeon  who 
was.  especially  careful  not  to  do  things  by  halves. 

Men. — The  men  admitted  with  cancer  of  the  tongue  presented  some  additional  and 
noteworthy  points.  Their  teeth  were  nearly  always  bad,  but  not  worse  than  is  usual  in 
the  class  to  which  they  belong.  Many  were  edentulous,  some  from  age,  some  because 
they  had  their  teeth  removed  after  the  appearance  of  the  ulcer  for  which  they  sought 
advice.  Of  the  160  patients,  93,  that  is  to  say  58-5  per  cent,  were  syphilitic.  Of  the  93, 
62  gave  a  history  of  syphilis,  and  the  remaining  31  showed  signs  of  syphilis  in  the  form 
of  chronic  glossitis,  aortic  disease,  scars  of  healed  ulcers,  tabes,  etc.  The  syphilis  was 
invariably  of  long  standing  and,  taking  a  few  cases  in  the  series  without  selection,  the 
primary  infection  was  said  to  have  been  26  years,  30  years,  29  years,  40  years,  28  years, 
23  years,  and  43  years  previously.  Twenty-six  of  the  patients  stated  definitely  that  they 
had  never  contracted  syphilis,  but  of  these  one  had  suffered  from  gonorrhoea,  and  two 
had  a  positive  VVassermann  test.  Many  of  the  patients  had  drunk  beer  to  excess,  but 
did  not  as  a  rule  acknowledge  that  they  had  taken  spirits  freely.  There  is  no  doubt,  how- 
ever, that  many  were,  or  had  been,  alcoholic.  For  instance,  one  was  a  farmer  who  stated 
that  he  took  thirty  glasses  of  strong  beer  daily  and  smoked  continuously ;  he  had  cancer 
of  the  tongue  which  was  removed  at  the  age  of  74.  Another  man,  who  said  that  he 
smoked  eighty  cigarettes  a  day,  was  usually  drunk  six  days  a  week,  and  had  contracted 
syphilis  twenty  years  previously,  suffered  from  a  richly  deserv'cd  cancer  of  the  tongue  at 
the  age  of  42.  On  the  other  hand,  a  teetotaller  and  non-smoker,  who  denied  that  he  had 
ever  suffered  from  syphilis,  had  his  tongue  removed  for  carcinoma  at  the  age  of  51. 

A  Wassermann  test  was  |>erformed  26  times,  with  the  result  that  in  12  cases  it  was 
negative,  in  6  positive,  in  5  it  was  doubtfully  negative,  and  in  3  doubtfully  positive. 
These  results  may  be  compared  with  those  obtained  by  Captain  Arnold  Renshaw, 
Demonstrator  of  Pathology  at  the  Manchester  University  Medical  School  (who  wrote 
to  me  at  the  kind  request  of  Dr.  C.  H.  Browning,  Director  of  the  Bland-Sutton 
Institute  of  Pathology',  Middlesex  Hospital),  and  by  Captain  Archibald  Leitch,  Pathologist 
to  the  Cancer  Hospital,  Brompton.  Captain  Renshaw  writes  :  "  Seventeen  cases  of 
squamous-celled  carcinoma  of  the  tongue  were  examined,  and  only  two  cases  showed  a 
positive  Wassermann  reaction.  Two  of  the  negative  cases  gave  negative  reactions  before 
and  after  (twenty-four  hours  before  and  forty-eight  hours  after)  an  intravenous  injection  of 
neosalvarsan,  this  being  repeated  in  each  case  after  a  second  injection  had  been  given.  In 
one  of  these  cases  there  was  a  definite  history  of  sj^jhilis  twenty-five  years  previously." 
Captain  Leitch  writes  :  "  I  regret  that  I  cannot  give  you  any  definite  figures.  All 
I  can  say  is  that  the  majority  of  cases  I  tested  gave  a  positive  reaction.  The  numbers 
tested  were  comparatively  few,  merely  sufficient  to  establish  in  my  own  mind  the  fact 
that  the  result  of  a  Wassermann  reaction  was  of  no  sersice  whatever  in  assisting  a  dia- 
gnosis between  syphilis  of  the  tongue  and  carcinoma  of  the  tongue.  Of  that  I  am  certain. 
Strangely  enough,  I  did  a  few  reactions  in  advanced  lingual  syphilis,  and  some  of  these 
were  quite  negative."'  Carl  Bruck*  says  that  he  obtained  ten  positive  Wassermann  tests 
in  twelve  cases  of  leucoplakia  of  the  tongue. 

The  Wassermann  results  are  interesting,  but  too  much  importance  must  not  be 
attached  to  them  as  signs  of  active  sj'philis,  because,  as  Lieutenant-Colonel  L.  W.  Harrison 
wisely  says,t  '"  Although  the  Wassermann  test  looks  deeper  into  the  patient's  condition 
than  the  naked  eye,  it  is  not  an  absolute  guide  to  a  decision  regarding  the  absence  of 
syphilis." 

*  IHe  Serodiagnose  der  Syphilis,  Berlin,   1909,  p.  70. 

t  The  Diagnosis  and  Treatment  of  Venereal  Diseases  in  General  Practice.  The  Oxford  Medical  Publica- 
tions,  1918,  p.   280. 
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As  regards  the  influence  of  syphilis  upon  cancer  of  the  tongue,  the  number  of  cases 
under  review  is  too  small  to  generalize  upon,  and  is  only  useful  to  point  out  the  direction 
in  which  future  work  is  advisable.  There  is,  moreover,  a  possible  fallacy.  It  is  a  matter 
of  common  belief  that  syphilis  is  in  some  way  associated  with  cancer  of  the  tongue. 
Every  patient,  therefore,  is  asked  as  a  matter  of  routine  whether  or  not  he  has  previously 
suffered  from  syphilis.  This  is  not  done  in  other  surgical  diseases,  and  there  is  conse- 
quently no  means  of  determining  what  proportion  of  patients  admitted  into  hospital 
would  acknowledge  previous  syphilitic  infection. 

It  is  not  uncommon  in  a  family  for  two  or  more  members  of  the  same  generation  to 
suffer  from  lingual  carcinoma,  but  it  is  very  rare  for  a  father  and  son  to  die  of  the  disease. 
There  is  one  case  in  the  records  at  St.  Bartholomew's  Hospital,  but  I  can  find  no  other. 
This  may  mean  that  the  son,  born  whilst  the  father  has  active  syphilis,  is  thereby  pro- 
tected if  he  does  not  happen  to  have  leucoplakia ;  or  it  may  imply  that  the  tissue  changes 
in  the  tongue  which  are  sufficient  predisposing  causes  in  the  first  generation  are  compen- 
sated in  the  second  generation.  The  first  assumption  is  the  less  likely,  because  inherited 
syphilis,  as  has  been  shown,  is  actually  a  factor  in  cancer  of  the  tongue.  The  point  is 
in  need  of  further  investigation,  first  as  to  whether  it  is  a  fact,  and  secondly  as  to  the 
explanation.  Another  point  for  investigation  is  to  determine  whether  cancer  of  the 
tongue  occurs  more  frequently  in  syphilized  members  of  families  predisposed  to  cancer 
than  in  those  with  no  such  history.     Personally  I  do  not  believe  that  it  does. 

The  evidence  seems  to  point  at  present  to  a  close  association  between  syphilis  and 
cancer  of  the  tongue.  The  syphilis  may  be  active  ;  it  is  more  often  quiescent  or  even 
extinct.  It  may  be  inherited  ;  it  is  more  often  acquired.  In  every  case  the  syphilitic 
infection  has  preceded  the  appearance  of  cancer  by  very  many  years,  and  the  prelimin- 
ary syphilitic  changes  therefore  are  slow  and  prolonged.  Of  these  preliminary  changes 
I  know  nothing.  I  have  examined  many  sections  of  cancerous  tongues,  but  there  are  no 
constant  histological  changes  in  the  deeper  tissues  which  are  attributable  to  the  effects 
of  spirochaetal  infection.  Tongues  which  were  leucoplakic  at  the  time  of  removal  show 
a  thickening  and  fibrosis  of  the  walls  of  the  arterioles,  but  in  others  there  was  no  manifest 
change  either  in  the  blood-vessels,  the  lymphatics,  or  the  connective  tissue.  An  examina- 
tion for  such  changes  needs  more  care,  a  larger  amount  of  material,  and  much  more 
prolonged  study  than  I  have  been  able  to  give  in  the  limited  time  at  my  disposal.  All 
that  can  be  said  at  present  is  that  syphilis  in  some  way  alters  the  resisting  power  of  the 
epithelium  of  the  tongue,  and  allows  the  squamous  cells  to  run  riot  ;  in  other  words,  that 
lingual  carcinoma  is  born  on  the  bed  prepared  by  syphilis.  A  similar  relationship  has 
long  been  known  to  exist  between  syphilis  and  tubercle,  but  in  tuberculosis  there  is  a 
definite  infective  agent  ;    as  yet  there  is  no  proof  of  any  such  exciting  cause  in  cancer. 

When  mercury  fell  into  temporary  disrepute  in  the  treatment  of  syphilis  at  the  end 
of  the  sixteenth  century,  and  again  in  the  Army  at  the  beginning  of  the  nineteenth 
century,  it  seems  that  cancer  of  the  tongue  increased  in  frequency.  It  would  be 
interesting  to  determine  whether  the  present  increase  can  be  associated  with  the  very 
imperfect  treatment  of  syphilis  which  was  in  vogue  during  the  mid- Victorian  period.  The^ 
.sound  teaching  of  John  Pearson  (1758-1826),  surgeon  to  the  Lock  Hospital,  that  mercury 
in  sufficient  doses  was  the  proper  treatment  for  syphilis,*  regulated  the  practice  of  most 
surgeons  during  the  earlier  decades  of  the  last  century.  The  introduction  of  potassium 
iodide,  and  its  obvious  utility  in  the  later  stages  of  syphilis,  led  to  the  very  imperfect 
mercurial  treatment  which  continued  until  our  own  day.  Several  of  the  patients  who  were 
treated  for  syphilis  at  St.  Bartholomew's  Hospital,  and  were  admitted  for  cancer  of  the 
tongue  forty  and  fifty  years  afterwards,  stated  that  they  had  been  given  mercury  for  a 
fortnight  or  three  weeks  only.  As  late  as  1880  the  old  dread  of  salivation  still  lingered, 
and  it  was  quite  usual  in  the  out-patient  room  to  hear  a  patient  protest  that  he  would  not 
take  mercury  on  any  account.     The  treatment  at  that  time  was  merely  a  treatment  of 

•  Observations  on  the  Effect  of  Various  Articles  of  the   Materia  Medica  in  the   Cure  of  Lues  Venerea. 

London,   1800. 
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symptoms,  and  minute  doses  of  the  red  and  green  iodides  of  mercury  were  frequently 
prescribed.  Is  the  present  great  increase  in  cancer  of  the  tongue  amongst  old  syphilitic 
patients  the  aftermath  of  this  treatment  ? 

But  if  sj-philis  is  a  predisposing  cause  of  cancer  of  the  tongue,  the  exciting  cause 
must  -  be  looked  for  elsewhere,  and  it  ought  to  be  some  form  of  long-continued  local 
irritation.  The  provocative  irritation  is  sometimes,  but  not  so  often  as  might  be  expected, 
syphilitic — the  fissures  and  abrasions  of  chronic  glossitis  or  the  soreness  of  leucoplakia. 
Pyorrhoea  and  carious  teeth,  as  I  have  shown,  are  very  frequently  associated  with  cancer 
of  the  tongue  ;  but  had  there  been  no  previous  syphilis,  lingual  carcinoma  should  not 
have  occurred  in  men  and  women  more  often  than  in  the  domesticated  animals,  whose 
teeth  are  equally  affected  by  disease.  IN'orrhtra  and  caries  are  at  least  as  frequent  in 
women  as  in  men,  and  it  is  probable  that  syphilis  is  just  as  common,  yet  cancer  of  the 
tongue  in  women  has  not  yet  increased  in  the  same  ratio  as  in  men. 

It  remains,  therefore,  to  inquire  whether  any  change  has  taken  place  in  the  habits 
of  men  within  the  last  fifty  years  which  has  not  affected  women  to  the  same  extent. 

Before  1868,  anyone  who  looks  at  the  pictures  in  Punch  will  see  that  snuff-taking  was 
on  the  wane,  and  that  whilst  cigars  might  be  smoked  openly  in  the  streets,  pipes  were 
taboo  in  public,  and  cigarettes  were  unknown  except  to  foreigners,  and  travellers  who  had 
learnt  to  smoke  them  on  the  Continent  or  in  -America.  Smoking  after  dinner  was  not 
usual  amongst  gentlemen  who  still  drank  a  glass  or  two  of  port  wine,  and  in  the  various 
Senior  Common  Rooms  to  which  I  was  hospitably  invited  at  Oxford  during  the  years 
187-1—80,  the  Fellows  of  the  older  school  only  smoked  after  going  to  their  own  rooms.  On 
the  other  hand,  long  clay  or  churchwarden  pipes,  with  a  mug  of  home-brewed  beer,  solaced 
the  leisure  of  many  countrv'  parsons  and  doctors  at  the  bowling  greens  and  quoit  grounds 
in  summer,  and  round  the  hearth  in  winter.  The  labourer  smoked  a  short  clay  or  cutty 
as  a  matter  of  course.  On  the  whole  the  upper  classes  smoked  a  great  deal  less  than  they 
do  at  present,  whilst  the  lower  classes  smoked  about  the  same,  but  in  a  more  irritating 
manner  so  far  as  the  tongue  was  concerned.  From  1877  onwards  the  smoking  of  cigarettes 
has  become  an  ever  increasing  habit,  until  now  it  is  well-nigh  universal  amongst  men, 
women,  and  boys. 

Amongst  the  patients  suffering  from  cancer  of  the  tongue  admitted  into  St.  Bartholo- 
mew's Hospital  whose  cases  I  analyzed,  37  men  stated  they  had  been  great  smokers, 
whilst  only  2  were  non-smokers.  It  seems  possible,  therefore,  that  smoking  acts  as  the 
exciting  cause  of  cancer  in  a  tongue  which  has  been  sufficiently  prepared  by  previous 
syphilitic  infection  of  the  tissues.  Smoking  acts  as  an  irritant  in  two  ways.  My  friends 
have  kindly  experimented  for  me,  as  I  do  not  myself  smoke,  and  they  tell  me  that  it 
causes  a  definite  rise  of  temperature  in  the  mouth,  registerable  by  the  thermometer  ; 
and  there  is  also  the  irritant  action  of  the  nicotine  itself.  Smoking  may  thus  bear  the 
same  relation  to  the  production  of  lingual  carcinoma  as  the  brazier  does  to  Kangri  cancer. 

To  sum  up,  then,  I  think  the  following  conclusions  can  be  safely  arrived  at  from  the 
evidence  I  have  obtained.  Cancer  of  the  tongue  has  always  existed  both  in  men  and  in 
animalf,  the  actual  cause  being  as  yet  unknown.  Its  rapid  increase  in  men  within  his- 
torical times  is  the  result  of  two  causes  :    the  first  predisposing,  the  second  the  exciting. 

The  predisposing  cause  is  the  degenerative  change  taking  place  as  a  result  of  spiro- 
chaetal  infection,  the  change  being  accentuated  by  lapse  of  years  and  by  indulgence  in 
alcohol.  The  form  in  which  the  alcohol  is  taken  does  not  seem  to  be  important  ;  beer, 
spirits,  and  wine  are  equally  harmful.  It  is  the  amount  consumed,  not  the  quality,  which 
matters. 

The  exciting  cause  is  local  irritation.  The  most  effective  local  irritant  is  tobacco, 
although  pyorrhoea  and  carious  teeth  often  act  as  minor  exciting  causes.  The  exciting 
causes  may  act  for  long  periods  of  time,  but  will  not  produce  cancer,  except  in  the  rarest 
instances,  without  the  long-continued  action  of  the  predisposing  cause — sj'philis.  The 
occasional  occurrence  of  cancer  of  the  tongue  in  animals  and  in  non-sj-philized  people 
shows  that,  as  in  cancer  generalh",  there  is  a  tertium  quid  as  yet  imdiscovered,  which  is 
VOL,  VI. — NO.  23.  24 
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called  for  convenience  the  predisposition  to  cancer.  This  predisposition  manifests  itself 
in  the  varying  resistance  to  cancer  shown  by  different  persons.  Sometimes  the  course  of 
the  disease  is  rapid,  and  an  accidental  injury  to  the  tongue  is  quickly  followed  by  a  car- 
cinomatous ulcer  ;  at  other  times,  when  every  factor  seems  to  be  present  and  the  individual 
ought  to  have  cancer  of  the  tongue,  he  lives  to  a  good  old  age,  and  dies  of  some  wholly 
different  disease. 

It  is  this  tertium  quid  which  wc  shoidd  seek,  by  correlating,  as  I  have  tried  to  do  this 
afternoon,  historical,  clinical,  and  pathological  results ;  for  it  is  only  by  a  wide  survey 
on  all  sides  that  it  is  possible  to  discover  where  experimental  research  is  likely  to  be  most 
useful.  Years  ago*  I  carried  out  a  series  of  experiments  to  ascertain  whether  irritation 
by  itself  had  any  influence  in  producing  cancer  in  animals ;  but  the  results  were  uniformly 
negative,  and  some  other  factor  was  clearly  necessary  to  make  the  epithelial  cells  change 
their  natural  method  of  growth. 

CONCLUSION  AND  FORECAST. 

In  conclusion,  some  points  of  great  practical  importance  are  obtainable  from  what 
has  been  stated. 

In  the  first  place,  it  ought  to  be  possible  to  reduce  cancer  of  the  tongue  to  the  sub- 
ordinate position  which  it  occupied  before  the  seventeenth  century  in  men,  and  which 
it  still  holds  amongst  the  domesticated  animals. 

At  the  present  time  syphilis  is  more  prevalent  than  it  has  been  for  many  years,  and 
the  consumption  of  tobacco  has  risen  from  seven  and  a  half  million  pounds  in  1914  to 
eight  and  a  half  million  pounds  in  1915.  Much  of  this  tobacco  is  smoked  in  the  form  of 
cigarettes,  and  women  now  smoke  on  a  much  larger  scale  than  they  used  to  do.  It 
follows,  therefore,  that  if  matters  are  allowed  to  continue  as  they  are  doing,  there  will 
be  a  huge  increase  in  the  number  of  patients  suffering  from  cancer  of  the  tongue.  The 
increase  should  begin  about  1950,  and  it  should  affect  women  as  well  as  men. 

Such  an  increase  can  be  prevented  by  a  thorough  and  systematic  treatment  of 
syphilis  in  its  initial  stages  ;  for,  as  has  been  shown,  cancer  of  the  tongue  has  always 
increased  in  frequency  some  years  after  syphilis  has  been  treated  inadequately.  Persons 
who  are  being  treated  for  syphilis,  therefore,  should  be  told  never  to  smoke,  not  to  drink 
to  excess,  and  to  pay  regular  visits  to  a  dentist  in  order  that  their  teeth  may  be  kept 
in  the  best  possible  state,  and  that  any  dentures  they  may  have  to  wear  should  be 
maintained  well-fitting  and  free  from  rough  edges. 

Such  advice  should  be  given  whilst  the  patient  is  actually  vmder  treatment  for 
syphilis.  It  is  useless  to  defer  it  until  the  tongue  has  become  sore,  because  it  is  then  too 
late  in  a  large  number  of  instances.  Many  patients,  of  course,  will  say  that  they  would 
rather  run  the  risk  of  having  cancer  of  the  tongue  than  put  up  with  such  a  restriction  as 
is  involved  in  renouncing  tobacco.  It  may  be  so ;  but  at  any  rate  it  is  our  duty  to  put  the 
matter  plainly  before  them,  and  to  point  out  the  risk  they  run,  in  the  hope  that  a  few  will 
take  advice  and  be  saved  from  a  painful  disease  and  a  miserable  death.  ^ 


*  The  Journal  of  Pathology  and  Bacteriology,  1898,  vol.  iv,  p.  69. 
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TREATMENT  OF  CASES  OF  FRACTURED  FEMUR  AT  A  BASE 

HOSPITAL  IN  FRANCE. 

By  Lieutesant-Colonel  VICTOR  HURLEY,  C.M.G.,  A.A.M.C.,  Melbourxe, 
AND   Major  S.    II.   WEEDOX,  A.A.M.C,   Sydney. 

GENERAL     OBSERVATIONS. 

In  the  following  paper  an  outline  is  given  of  the  methods  used  and  the  conclusions  arrived 
at  in  the  treatment  of  170  eases  of  fracture  of  the  femur  during  the  six  months  July  to 
December,  1917.  As  these  cases  have  been  retained  under  treatment  until  firm  union  has 
occurred,  they  have  been  of  special  interest,  in  that  the  results  of  treatment  have  been 
observed  in  a  manner  not  possible  in  other  war  wounds.  It  has  thus  been  possible  to 
arrive  at  definite  conclusions  on  the  relative  merits  of  different  methods  of  treatment. 
At  the  outset,  the  necessity  of  spiecially  staffed  and  equipped  wards  was  recognized  as 
essential,  and  three  such  femur  wards,  with  a  total  capacity  of  100  beds,  have  been  in  use 


FIG.  303.— A  special  femur  war.1. 

for  the  greater  part  of  the  above  period.  The  wards  (Fig.  303)  were  selected  so  as 
to  be  in  the  same  block  of  buildings  and  on  the  same  ground  level  as  the  operating 
theatre  and  the  a'-ray  department.  The  woodwork  and  ward  fittings  were  constructed 
by  the  hospital  carpenters,  and  for  many  articles  of  equipment  and  furniture  in  these 
wards  the  hospital  is  greatly  indebted  to  the  Australian  Red  Cross  Society. 

In  most  of  the  cases  Thomas  knee-splints  have  been  used,  together  with  many  added 
de\ices  and  appliances,  such  as  foot-pieces,  suspension  apparatus,  etc.  Many  of  these 
have  been  adopted  from  the  work  of  other  surgeons,  particularly  that  of  Major  M.  Sinclair, 
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to  whom  wc  are  also   indebted   for  much  vahiablc   information  and   advice.     Others  of 
the  appliances  are  original  as  far  as  we  know,  and  have  been  foimd  of  practical  use. 

In  order  that  a  connected  account  may  be  obtained,  we  propose  to  outline  the 
treatment  employed  from  the  time  of  the  patient's  admission  until  the  time  of  his 
transfer  to  England. 

CONDITION     OF    THE    PATIENT    ON     ADMISSION. 

The  length  of  time  between  the  receipt  of  the  wound  and  the  patient's  admission  to 
the  base  hospital  varies  from  36  hours  to  7  days.  Most  of  the  cases  are  admitted  on  the 
third  and  fourth  days.  The  condition  of  the  patient  on  admission,  and  his  subsequent 
progress,  are  greatly  influenced  by  the  time  which  has  elapsed  before  the  first  thorough 
surgical  treatment  of  his  injuries.  Almost  all  have  been  thus  dealt  with  at  a  casualty 
clearing  station,  where  the  fracture  has  been  splinted,  usually  on  a  straight  Thomas  splint. 
The  treatment  at  the  various  casualty  clearing  stations  has  not  been  imiform  ;  but  in 
almost  all  excision  of  the  wound  has  been  performed  with  varying  completeness  ;  we 
have  noted  in  our  later  cases  that  wounds  have  been  more  thoroughly  excised  than 
in  the  earlier  ones. 

The  after-progress  of  the  cases  has  not  satisfied  us  that  the  more  recently  intro- 
duced antiseptic  lotions  and  pastes  possess  any  superiority  over  ordinary  soap  and  water 
or  saline.  As  a  general  rule,  the  least  satisfactory  cases  are  those  in  which  ineffective 
excision  of  the  wound  has  been  performed  (and  in  this  we  include  the  wound  in  the 
Ixjne),  one  or  other  of  the  antiseptics  in  vogue  at  the  moment  has  been  applied,  and 
the  wound  completely  sutured  without  adequate  drainage.  Conversely,  the  cases  which 
do  best  are  those  in  which  the  wounds  have  been  most  thoroughly  excised  and  adequate 
drainage  provided.  The  importance  of  these  primary  surgical  principles  appears  to  have 
been  temporarily  lost  sight  of  in  the  search  for  an  ideal  solution  or  paste — which  cannot 
be  expected  to  compensate  for  or  correct  faulty  surgical  technique. 

Wounds  caused  by  fragments  of  shell  or  bomb  (and  especially  aeroplane  bombs)  are 
usually  more  severely  infected  than  are  bullet  or  shrapnel  wounds. 

'  Of  the  total  mortality,  38  per  cent  occurred  within  forty-eight  hours  of  admission. 
Shock,  gas  gangrene,  and  complications  due  to  wounds  elsewhere,  were  the  most  frequent 
causes  of  death  during  this  period.  In  several,  the  patient's  general  condition  on  admission 
would  not  permit  any  further  operative  interference,  and  nothing  beyond  restorative 
treatment  was  possible. 

TREATMENT    ON    ADMISSION. 

General. — Patients  are  usually  admitted  in  the  late  evening  or  night,  and  are  given 
a  hot  meal,  after  which  they  generally  obtain  a  sound  sleep.  The  patient  is  left  till  the 
following  day  on  the  splint  applied  at  the  casualty  clearing  station,  unler;s  there  are  urgent 
reasons  for  operative  interference,  of  which  gas  infection  is  the  most  frequent.  The  soiled 
wound  dressings  are  of  course  removed,  the  wounds  inspected  and  cleaned,  and  fresh 
dressings  applied.  Where  Carrel  tubes  have  been  inserted,  two-hourly  instillation  of 
eusol  or  Dakin's  solution  is  continued.  The  improvement  in  the  patient's  general  condi- 
tion following  a  good  night's  rest,  after  a  fatiguing  and  often  very  painful  railway  journey, 
is  usually  marked. 

X-Ray  Examination.  —  On  the  following  morning  stereoscopic  skiagrams  of  the 
fracture  are  taken,  and  where  possible  (as  in  fractures  of  the  middle  and  lower  third) 
direct  lateral  views  also.  In  cases  in  which  B.I.P.P.  has  been  applied,  the  finer  points  of 
detail  of  the  fracture,  fragments,  and  foreign  bodies  are  greatly  obscured.  ICxamination 
of  the  stereoscopic  skiagrams  by  means  of  a  Mackenzie-Davidson  viewing  apparatus 
usually  shows  that  the  fracture  requires  further  treatment  to  correct  displacement  of 
the  fragments  ;  and  it  has  been  our  experience  that  correct  alinement  can  rarely  be 
obtained  on  a  straight  Thomas  splint,  although  this  is  much  the  best  for  purposes  of 
transport. 

Portable  X-ray  Apparatus. — In  our  earlier  cases  it  was  necessary  to  take  the  patient 
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to  the  ar-ray  department  ;  but  later  the  hospital  was  supplied  with  a  portable  a;-ray 
apparatus.  This  not  only  obviates  mo\ing  the  patient,  but  is  essential  to  obtain  the  best 
results.  When  a  patient  is  taken  to  the  x-ray  department,  his  suspension  and  extension 
arrangements  must  be  dismantled,  and  the  resulting  skiagram  is  practically  useless  for 
affording  reliable  information  as  to  the  exact  position  of  his  fracture  with  these  in  posi- 
tion. During  the  after-treatment,  skiagrams  taken  with  the  patient  King  in  bed,  with  his 
suspension  and  extension  apparatus  undisturbed,  give  full  information  of  the  exact  condi- 
tion and  position  at  the  site  of  fracture  in  a  way  which  cannot  be  ascertained  by  other 
methods  of  examination,  however  carefully  carried  out.  As  will  be  described  in  dealing 
with  the  ward  after-treatment,  the  later  adjustments  required  to  correct  accurately 
the  smaller  degrees  of  displacement  are  carried  out  and  checked  in  the  light  of  the 
information  obtained  from  a  study  of  the  ward  ar-ray  photograph,  repeated  as  many 
times  as  necessary. 

When  should  a  General  Anaesthetic  be  Administered? — With  the  information  afforded 
by  the  x  rays,  together  with  the  result  of  examination  of  the  wounds  and  the  general 
condition  of  the  patient,  one  is  able  to  decide  whether  a  general  anaesthetic  is  necessary. 
Repeated  anaesthetics  react  unfavourably  on  the  general  condition,  and  should  be  dis- 
pensed with  if  it  is  possible  to  correct  the  fracture  equally  well  without  their  use  and 
without  causing  undue  pain.  A  little  more  patience  is  required  of  the  surgeon,  and 
manipulations  must  be  carried  out  with  the  utmost  gentleness.  The  unfavourable  action 
of  general  anaesthetics  is  particularly  noticeable  in  cases  of  gas  gangrene — due,  probably, 
to  diminution  of  the  alkali  reserve. 

As  regards  their  immediate  treatment,  cases  may  be  divided  into  four  classes  : — 

1.  Almost  all  simple  fractures,  and  compound  fractures  with  clean  wounds  of  entry 
and  exit,  can  usually  be  put  up  without  an  anaesthetic.  In  the  few  cases  where  accurate 
alinement  cannot  be  obtained,  a  general  anaesthetic  may  be  administered,  and  the  muscular 
relaxation  thus  afforded  greatly  assists  the  accurate  correction  of  the  deformity. 

2.  In  other  cases,  where  the  patient's  general  condition  is  critical,  and  there  is  no 
immediate  indication  for  further  operation  on  account  of  spreading  sepsis  or  gas  infec- 
tion, the  permanent  splinting  should  be  delayed  until  the  general  condition  has  been 
improved  by  twenty-four  to  forty-eight  hours"  undisturbed  rest  in  bed,  together  with  the 
usual  restorative  measures. 

3.  In  cases  in  which  the  knee-joint  has  been  directly  involved  in  the  original  wound, 
advantage  is  gained  by  maintaining  absolute  rest  for  the  limb,  the  manipulations  necessarv* 
to  correct  the  associated  fracture  deformity  involving  risks  of  lighting  up  infection  in  the 
joint.  These  cases  have  usually  been  cleaned  up  and  immobilized  on  a  Thomas  splint  at 
the  casualty  clearing  station,  and  the  correction  of  the  fracture  should  be  delayed  until 
the  fate  of  the  joint  is  e\ident. 

In  classes  2  and  3,  the  correction  of  the  deformity  can  be  made  in  successive  stages, 
with  a  minimum  disturbance  of  the  parts,  by :  (a)  Application  of  foot-piece  and  glue  exten- 
sion ;  (6)  Gradual  flexion  of  splint  at  the  knee  to  the  required  degree  by  the  use  of  a 
pair  of  wrenches  ;    (c)  Necessary  adjustments  of  flannel  slings. 

4.  In  many  cases,  however,  it  is  necessary  to  give  the  patient  a  general  anaesthetic  in 
order  that  his  wounds  may  be  more  thoroughly  examined  and  cleaned  up,  and  his  fractured 
limb  placed  on  the  splint  on  which  most  of  his  subsequent  treatment  is  carried  out.  For 
many  reasons  this  is  done  in  the  operating  theatre,  not  in  the  ward,  even  in  cases  in 
which  simple  cleaning  and  splinting  appear  to  be  all  that  is  required.  The  developed 
skiagrams  are  placed  in  a  \iewing  box  in  the  theatre,  and  are  thus  available  for  ready 
reference  while  the  fracture  is  being  dealt  with. 

PROCEDURE  IN  THE  OPERATING  THEATRE. 

GeneraL — The  anaesthesia  usually  employed  is  chloroform  induction,  followed  by 
Shipway's  apparatus  for  the  administration  of  warmed  ether  and  chloroform  vapour. 
In  addition  to  the   heating  arrangements  of  the  theatre,  several  hot-water  bottles   are 
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distributed    about    the    patient,    and    lie    is    well    packed    with    blankets.      Unnecessary 
exposure  is  carefully  avoided. 

Cleansing  of  the  Limb,  etc — When  the  patient  is  well  under  the  anaesthetic,  his  tem- 
porary splint  is  fiently  removed  and  the  limb  cleaned.  It  is  generally  necessary  to  remove 
the  extension  applied  at  the  casualty  clearing  station.  With  the  wounds  protected 
with  sterile  gauze,  the  whole  limb  is  scrubbed  with  warm  water  and  soap.  In  cases  where 
a  Thomas  splint  is  to  be  applied  to  the  sound  limb,  this  is  dealt  with  in  the  same  manner 
as  the  fractured  limb.  The  limb  is  shaved,  and  then  cleaned  by  several  applications  of 
spirit. 

Some  authorities  state  that  it  is  not  necessary  to  shave  the  limb,  but  for  the 
following  reasons  we  always  do  so  :  (a)  It  is  the  best  method  of  thoroughly  cleansing 
and  preparing  the  skin,  and  adds  greatly  to  the  after-comfort  of  the  patient  ;  in 
many  cases  the  skin  is  so  dirty  that  it  is  not  possible  to  cleanse  it  thoroughly  without 
sha\ing ;  (b)  The  development  of  vermin  beneath  the  extension  strip  is  prevented  ; 
(c)  Less    blistering   and    skin   irritation   imder   the   extension   strip   result. 

The  skin  in  the  neighbourhood  of  the  wound  area  is  painted  with  3  per  cent  picric 
acid  and  spirit,  and  sterile  towels  are  disposed  round  the  wounds.  The  surgeon  and 
assistant  wash  up  and  put  on  sterile  rubber  gloves  preparatory  to  dealing  with  the 
wound  itself. 

Surgical  Treatment  of  the  Wounds  and  Fracture. — In  most  cases,  by  the  time  a 
patient  has  reached  a  base  hospital  little  benefit  is  likely  to  result  from  excision  of  wounds 
where  this  has  not  been  thoroughly  performed  at  the  casualty  clearing  station — with  the 
exception  of  the  wound  in  the  bone,  which  will  be  discussed  later.  In  almost  all  cases 
the  wounds  and  fracture  have  been  dealt  with  by  a  casualty  clearing  station  surgeon  ; 
but,  as  already  stated,  the  methods  used  vary  greatly — especially  in  the  thoroughness 
of  excision  of  the  wounds,  in  the  application  of  particular  antiseptics,  and  in  the  degree 
to  which  primary  suture  has  been  then  carried  out.  Where  primary  suture  has  been  per- 
formed after  wound  excision  and  the  application  of  some  one  or  other  paste  or  solution, 
better  results  would  be  obtained  if  it  were  possible  for  the  surgeon  who  has  operated  to 
keep  the  case  under  his  own  observation  for  the  first  few  days.  The  necessity  for  early 
evacuation  of  these  cases  during  periods  of  rush,  and  the  journey  to  the  base,  have  much 
to  do  with  the  infected  condition  of  many  wounds  on  arrival.  In  war  surgery,  patients 
pass  through  the  hands  of  several  surgeons  ;  and  it  should  be  a  principle  of  treatment 
that  further  operations  should  only  be  performed  in  the  presence  of  definite  indications. 
These  are,  at  this  stage  :  (1)  Spreading  sepsis  or  gas  infection  in  incompletely  drained 
Hounds  ;   (2)  Insufficient  removal  of  bone  fragments  ;    (3)   Vascular  gangrene  of  the  limb. 

1.  Spreading  Sepsis  or  Gas  Infection  in  Incompletely  drained  Wounds. — 
In  many  cases  the  wound  has  been  firmly  packed  with  gauze  which  has  acted  as  a  plug, 
blocking  wound  discharges,  and  favouring  the  spread  of  sepsis  in  the  depths  of  the  wound. 
This  gauze  and  any  sutures  present  are  removed.  In  some  cases  this  may  furnish  suffi- 
cient drainage,  but  in  many  further  incisions  are  necessary.  Wherever  possible,  these 
are  made  by  extending  the  wounds  or  incisions  already  present.  If,  however,  they  are '' 
badly  situated  for  drainage,  fresh  incisions  are  required,  and  are  usually  made  on  the 
outer  aspect  of  the  limb,  along  the  line  of  the  external  intramuscular  septum,  the  fascia 
lata  being  incised  at  right  angles.  Incisions  may  be  necessary  in  other  regions  of  the 
thigh,  but  in  the  following  situations  they  are  avoided  if  it  is  at  all  possible  :  (a)  Adductor 
region,  on  account  of  the  danger  of  opening  up  the  tissue  planes  in  the  region  of  the 
main  vessels,  and  of  the  difficulty  of  obtaining  free  drainage,  owing  to  the  depth  of  the 
bone  from  the  surface  and  the  unfavourable  anatomical  arrangement  of  the   muscles  ; 

(b)  Posterior  region,  on  account  of  the  position  of  the  sciatic  nerve,  and  the 
obstruction    to    drainage    caused    by    the    slings    supporting    the    limb    in    the    spfint  ; 

(c)  Popliteal  region,  on  account  of  the  presence  of  the  popliteal  vessels  and  nerves, 
and  of  the  difiiculty  of  dealing  with  sepsis  in  this  area  ;  (d)  Buttock,  owing  to  the 
tendency  for  sepsis  to  spread  widely  in  the  gluteal  region,  and  the  interference  with  the 
subsequent  application  of  the  ring  of  a  Thomas  splint.     Incisions  for  drainage  should  be 
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made  to  the  full  extent  necessary  to  expose  the  whole  of  the  infected  area.  When  they 
are  made — as  is  almost  always  the  case — on  the  lateral  aspect  of  the  thigh,  little  subse- 
quent disability  need  be  feared,  as  the  incision  is  parallel  to  the  length  of  the  limb  and 
the  direction  of  the  muscle  fibres,  and  leaves  an  almost  linear  scar  on  healing. 

It  is  rarely  necessary  to  insert  tubes  for  drainage.  In  cases  where  the  track  of  the 
wound  passes  along  an  indirect  route,  drainage  is  assisted  by  inserting  a  folded  piece  of 
ordinary  rubber-glove  tissue. 

After  securing  absolute  ha?mostasis,  the  wounds  are  cleaned  with  alternate  applica- 
tions of  hydrogen  ]>eroxide  and  hot  normal  saline.  Gauze  dressings  are  applied,  either 
dr>',  or  moist  out  of  hot  saline.  Formerly  Carrel  tubes  and  instillation  of  eusol  or  Dakin's 
solution  were  used  in  all  cases,  but  latterly  only  in  very  septic  cases  where  it  was  not 
possible  to  thoroughly  expose  all  the  recesses  of  the  wound.  In  cases  in  which  thorough 
drainage  has  been  provided,  frequent  cleansing  of  wounds  and  application  of  ordinary 
gauze  dressings  has  given  better  results.  These  are  also  more  convenient  to  work  with, 
and  the  necessary'  manipulations  of  the  limb  and  fracture  during  the  after-treatment 
are  rendered  easier. 

Gas  Infection. — This  complication  has  been  frequently  met  with,  and  is  usually 
e\ident  on  admission  or  within  a  few  hours.  Ninety  per  cent  of  the  deaths  occurring 
within  the  first  few  days  have  been  due  to  this  cause.  It  is  rarely  possible  to  excise  the 
infected  tissue,  on  account  of  the  extent  of  the  infection  present ;  and  even  in  cases 
where  this  is  localized  to  a  muscle  or  group  of  muscles,  the  dissection  required  is  so  exten- 
sive that  it  is  rarely  practicable,  as  is  sometimes  the  case  in  other  regions  of  the  body. 
In  the  cases  fit  for  operation,  rapid  amputation  is  usually  performed.  Sodium  bicar- 
bonate (3  per  cent)  and  glucose  (1  per  cent)  are  given  intravenously,  and  later,  in  the 
wards,  by  mouth  and  rectum. 

2.  Insifficiext  Removal  of  Bone  Fragments. — Considerable  difference  of  opinion 
exists  on  the  question  of  the  degree  to  which  bone  fragments  should  be  removed.  The 
practice  of  French  surgeons  is  to  excise  them  to  a  much  wider  degree  than  is  usual  with 
British  surgeons.  At  the  casualty  clearing  station  the  wounds  in  the  skin  and  soft  parts 
have  generally  been  excised,  and  latterly  much  more  thoroughly  than  pre\iously  ;  but 
almost  always  in  the  case  of  bone  fragments  the  same  systematic  attempt  to  excise 
devitalized  and  infected  tissues  has  not  been  carried  out,  and  further  operation  for 
their  removal  is  necessarj'  at  the  base. 

Bone  fragments  which  have  been  driven  into  the  soft  parts  for  some  distance  from 
the  site  of  fracture  are  removed,  as,  even  if  they  sur\ive,  they  will  be  of  no  use  in  the 
subsequent  repair  of  the  bone,  and,  what  is  of  more  importance,  they  are  potent  causes 
of  sepsis.  In  our  earlier  cases  it  was  the  practice  to  leave  any  fragment  in  the  region 
of  the  fracture  which  possessed  sufficient  periosteal  attachment  to  ensure  a  reasonable 
chance  of  its  ultimate  sur\ival.  While  a  number  of  these  cases  healed  and  obtained 
good  union,  yet  in  a  large  proportion  osteitis  at  the  site  of  fracture,  with  formation  of 
sequestra  and  persistent  sinuses,  necessitated  further  operation  at  a  later  date.  In  our 
later  cases  we  have  excised  bone  fragments  more  freely,  with  much  advantage,  as  shown 
by  the  more  rapid  healing  of  wounds,  better  callus  formation,  and  less  resulting  sclerosis 
of  muscles  and  soft  parts,  giving  a  better  functional  result.  The  removal  of  infected 
bone  fragments — and  important  amongst  these  are  fragments  driven  into  the  medullary 
cavity  of  the  bone — also  provides  more  thorough  drainage  of  the  site  of  fracture.  As 
Colonel  Burghard  states  in  his  preface  to  the  English  translation  of  Traitement  des 
Fractures  by  Professor  R.  Leriche  :  "  Put  concisely,  the  position  is,  that  one  school 
regards  as  its  bugbear  possible  want  of  union  as  the  result  of  removal  of  fragments  from 
an  infected  fracture,  while  the  other  attaches  prime  importance  to  the  persistent  suppura- 
tion and  loss  of  function  to  which  the  retention  of  septic  fragments  is  so  likely  to  lead." 
Non-union  in  cases  of  compound  fracture  of  the  femur  in  men  of  militarv'  age  is  extremely 
rare,  not  more  than  1  per  cent.  The  capacity  of  the  femur  for  forming  callus  is  markedly 
greater  than  such  bones  as  the  tibia  and  humerus,  and  even  where  the  separation  between 
the  fractured  ends  of  the  femur  has  been  as  much  as  three  inches,  firm  union  has  resulted. 
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3.  Vasci'i-au  Gangrene  of  the  Limb. — A  few  cases  have  been  met  with  in  which 
the  Hmb  on  admission  has  shown  the  sij^ns  of  ordinary  vascuhir  gangrene.  Tiie  femoral 
vessels  may  have  been  found  injured  and  have  been  ligated  at  the  casualty  clearing 
station.  In  other  cases  there  is  arrest  of  circulation  in  the  limb  with  no  direct  indi- 
cations that  the  injury  to  the  main  vessel  has  been  previously  evident.  These  are 
usually  due  to  partial  or  even  complete  tearing  of  the  vessels,  followed  by  occlusion, 
either  by  jiressure  from  blood  extravasated  into  the  tissues  or  from  thrombosis. 

If,  at  operation,  it  is  foimd  that  the  femoral  vessels  are  exposed  in  the  woimd,  the 
condition  of  these  should  be  carefully  ascertained.  In  the  presence  of  sepsis,  partial 
lesions  of  the  arterial  wall,  involving  the  outer  coat  only,  result  almost  always  in  secondary 
ha-morrhage.  Ligatine  of  such  an  injured  artery  above  and  below,  in  an  already  infected 
wound,  is  so  often  followed  by  vascular  gangrene  that  in  these  cases  our  practice  now  is 
to  amputate  while  the  condition  of  the  patient  is  good,  instead  of  being  compelled  to 
do  so  at  a  later  date  when  it  may  fail  to  save  his  life.  With  a  comparatively  clean 
wound,  the  probability  of  survival  of  the  limb  after  occlusion  of  the  main  vessels  is 
much  greater,  and  the  prognosis  is  better  if  the  artery  is  involved  in  Scarpa's  triangle 
or  in  Hunter's  canal  than  if  in  the  popliteal  space.  Several  cases  have  been  met  with 
in  which  the  femoral  vessels  were  lying  exposed  in  ?3eptic  wounds  but  with  no  evidence 
of  injury  to  the  vessel  walls.  Secondary  haemorrhage  has  resulted  in  a  proportion  of 
these  :    but  in  a  greater  number  the  wounds  and  fracture  have  done  well. 

Two  of  our  cases  of  simple  fracture  in  the  lower  third  were  associated  with  injury 
to  the  main  vessel,  and  in  one  the  knee-joint  was  distended  with  blood.  In  both 
there  was  marked  extravasation  at  the  site  of  fracture.  The  pulse  was  absent  jn  the 
tibial  arteries  in  both  cases,  and  did  not  return  during  the  after-treatment.  In  both, 
normal   union  of  the  fracture  occurred  and  good  functional  limbs  resulted. 

Extreme  Degree  of  Trench  Foot. — A  few  cases  of  trench  foot  have  been  met  with. 
All  of  these  except  one  were  of  minor  severity,  merely  delaying  the  application  of 
the  foot-piece  for  a  few  days.  In  one  case  gangrene  was  present,  necessitating  amputa- 
tion ;  the  patient's  general  condition  was  critical,  and  as  there  was  considerable  sepsis 
at  the  site  of  fracture  amputation  was  performed  at  this  level. 


Fk;.  Sf*!.— Htxk'pM  sjdiiit.     CompouiK 


i  r  ihir-'l   (  f  fpriiur,  with  lartre  Imttwk  wounij. 


Selection  of  Splint. — The  type  of  splint  used  in  any  particular  case  is  determined 
by  :    (1)  The  position   and  extent  of  the  wounds  in  soft  parts  ;    (2)  The  site  of  fracture. 

Thomas  knee-splints  have  been  used  in  all  cases  except  those  with  extensive  wounds 
of  the  buttocks  and  posterior  aspect  of  the  thighs  ;  and  in  these  a  Hodgen  splint  {Fig.  304.) 
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has  been  applied  on  the  fractured  side  until  the  healing  of  the  wound  has  sufficiently 
far  advanced  to  permit  the  application  of  a  Thomas.  It  is  possible  to  obtain  better 
control  of  the  fracture  with  the  latter  splint.  In  some  cases  the  wounds  of  the  buttocks 
and  pehis  are  so  extensive  that  no  splinting  is  possible,  and  in  these  a  Sinclair  net  bed 
{Fig:  305)  permits  of  the  comfortable  nursing  of  the  patient  as  well  as  accurate  control 
of  the  fragments.     Bryan's  bed  was  used  in  some  of  our  earlier  cases. 

A  Thomas  splint  is  selected  which  fits  the  patient  so  that  the  hand  can  readily  be 
passed  between  the  limb  and  the  thiirh  in  front.     This  is  usually   Size  21   or  23.     The 


>'Hi.  oO-j. — -r^iiiclair  lift  bini.     TiiL-i  patit-nt  w;i,-*  iiiuler  treatineiit  for  multiple  wounds  with  pr«>.siu^  i^ores,  and  not  for 

fractured  femur. 


smaller  the  ring  the  easier  it  is  to  maintain  the  splint  accurately  in  apposition  with  the 
tuber  ischii,  and  to  perform  necessarj-  manipulations  and  adjustments  of  the  fracture. 
Large  rings  are  less  comfortable  for  the  patient,  and  increase  the  difficulties  of  nursing. 
Before  application  the  leather  of  the  ring  of  the  splint  is  softened  by  rubbing  it  with  soft 
soap  or  vaseline. 

A  Thomas  knee-splint  is  applied  to  each  limb  in  fractures  of  the  head,  neck,  or 
upper  third  of  the  femur.     In  fractures  below  this  level  a  single  Thomas  is  used. 

Methods  of  Extension. — Extension  is  usually  obtained  by  means  of  Sinclair's  glue, 
to  which  is  applied  a  long  strip  of  folded  gauze  on  each  side  of  the  limb.  Care  should 
be  taken  that  the  glue  is  not  too  hot  ;  it  should  be  tested  on  the  forearm  before  appli- 
cation. The  gauze  strips  should  be  firmly  and  evenly  applied,  and  then  bandaged 
without  creasing.  Irritation  and  blistering  of  the  skin  occurred  under  the  extension 
strips  in  a  certain  proportion  of  cases  (about  10  per  cent),  and  other  preparations  have 
been  tried,  such  as  ordinary'  adhesive  plaster  and  mastisol  ;  but  these  have  shown  no 
advantage  over  glue.  In  any  method  of  extension  which  depends  on  the  adhesion  of  the 
extending  material  to  the  skin,  the  pull  required  has  to  be  maintained  over  many  weeks, 
and  the  skin  is  subjected  to  a  considerable  strain.  It  is  this  direct  mechanical  effect 
which  is  largely  responsible  for  the  irritation  and  blistering,  and  consequently  care  should 
be  taken  that  the  extending  force  is  evenly  distributed  on  both  sides  of  the  limb. 

In  some  cases  any  method  of  efficient  extension  from  the  skin  is  impossible  owing 
to  associated  wounds  below  the  site  of  the  fracture  of  the  femur,  such  as  compound 
fractures  or  extensive  wounds  of  the  soft  parts  of  the  leg.  For  these  we  have  obtained 
efficient  extension  by  means  of  a  pair  of  calipers  (engineer's)  inserted  into  the  condyles 
of  the  femur  {Figs.  306,  307).  The  type  of  caUpers  used  and  the  technique  of  their 
introduction  are  as  de\ised  by  Major  M.  Sinclair,  who  supplied  us  with  our  first  pair. 

The  ends  of  the  calipers  are  straightened,  and  then  bent  in  at  right  angles,  and  the 
points  tapered  to  be  of  the  same  size  as  that  of  a  medium  bone-drill.      Over  each  limb  of 
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the  caliper  is  fitted  a  tubular  metal  jruard,  which  allows  the  jjoint  of  the  caliper  to  pro- 
trude J  in.  only.     On  the  outer  end  of  this  <;uard  is  a  small  flat  metal  strip,  through  a  liole 


Fk;.  .•inn. —  i:\t('i]sioi]  by  means  of  calipers  inserted  into  lower  end  of  femur.     Compound  fracture  of  upper  tliird  of 
femur,  vvitli  division  of  sciatic  nerve,  and  compound  fracture  of  tibia  and  libula.     (See  FUjs.  307,  310.) 


FlO.  307. — Radiogram  of  calipers  inserted  into  lower  end  of  femur  for  extension. 

in  the  end  of  which  the  extension  is  taken  by  means  of  strong  tape.  To  insert  the 
calipers  a  general  anaesthetic  is  given  and  a  small  incision  made  down  to  the  bone  over 
the  most  prominent  point  of  each  condyle — this  is  about  one  inch  from  the  margin  of 
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the  patella  on  each  side,  and  one  inch  above  the  level  of  the  joint.  The  guards  are  intro- 
duced into  the  wound,  and  through  the  tube  the  bone  is  drilled  to  a  depth  of  j  in.,  and 
the  pjoint  of  the  caliper  inserted.  The  advantage  of  this  method  is  that  the  cancellous 
tissue  is  not  tunnelled,  as  in  Hey  Groves"  and  Steinmann's  methods,  and  perfect  extension 
can  be  obtained. 

Some  surgeons  advocate  the  routine  use  of  some  form  of  caliper  or  transfixion  method 
in  preference  to  extension  applied  to  the  skin,  and  claim  that  subsequent  disability  of 
the  knee-joint  is  avoided,  as  the  knee  can  be  freely  moved  during  the  after-treatment 
without  interfering  with  the  extension.  We  prefer  the  ordinary  method  of  skin  exten- 
sion wherever  this  is  possible,  as  movements  at  the  knee  can  still  be  carried  out,  as  will 
be  described  later  ;  and  one  avoids  the  undoubted  additional  risk  of  sepsis  occurring  at 
the  site  of  operation  in  patients  whose  wounds  are  often  already  infected. 

Foot-pieces. — In  all  cases  a  Sinclair  wooden  foot-piece  (Fig.  308)  is  appUed  to  the 
fractured  limb,  and  a  combined  foot-piece  and  bed-rest  to  the  sound  limb  whenever  two 
Thomas  splints  are  used.     To  apply  the  former,  five  or  six  strips  of  flannel,   |  in.  wide. 


FIG.  3<)8.— Sinclair  foot-piece. 

with  two  small  curtain  rings  threaded  over  each,  are  glued  to  the  sole  and  sides  of  the  foot. 
The  rings  are  arranged  to  lie  along  the  inner  and  outer  borders  of  the  foot.  Cotton-wool 
is  then  dabbed  over  the  glued  area.  The  foot-piece  is  padded  with  cotton-wool,  disposed 
so  as  to  maintain  the  normal  arch  of  the  foot,  and  covered  with  a  strip  of  flannel,  the 
ends  of  which  are  fixed  to  the  back  by  drawing-pins.  To  each  ring  is  attached  a  length 
of  tape,  the  ends  of  which  are  passed  over  the  notches  on  the  sides  of  the  foot -piece,  and 
tied  together  at  the  back.  The  foot-piece  rides  on  the  side-bars  of  the  Thomas  splint 
by  means  of  an  adjustable  metal  bar,  wiiich  can  be  moved  up  and  down  in  a  vertical  slot 
in  the  foot-piece  and  clamped  in  any  desired  position.  Thus,  the  foot  can  be  raised  or 
lowered,  inverted  or  everted,  flexed  or  extended,  and  maintained  in  any  desired  ix)si- 
tion  by  tapes  attaching  the  ends  of  the  cross-bar  to  the  end  of  the  splint.  To  the  sole 
of  the  foot  of  the  sound  limb  a  strip  of  gauze  is  glued,  and  attached  to  the  loop  at  the 
top  of  the  combined  foot-piece  and  bed-rest. 

Materials  used  for  Slinging  the  Limb  in  a  Thomas  Splint — 

1.  Flannel  Bandage. — Each  sling  is  looped  around  the  inner  bar  of  the  splint,  and 
fixed  on  the  outer  side  by  means  of  a  large  safety-pin  or  paper  clip. 
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2.  Vtihleached  Calico — Has  the  advantage  over  flannel  that  it  does  not  stretch  so 
much,  and  therefore  shngs  of  this  material  do  not  require  so  frecjuent  adjustment.  It 
has  not  been  used  as  much  as  flannel,  owing  to  the  difliculty  in  obtaining  it. 

3.  Jaconet — Is  used  by  some  in  the  region  of  the  fracture  if  there  is  nnich  dis- 
charge. We  prefer,  however,  to  use  sterile  flannel  or  calico  slings  changed  daily. 
These  form  part  of  the  dressing  itself,  the  greater  part  of  which  is  applied  outside  the 
sling  and  kept  in  place  by  a  triangular  bandage.  The  objections  to  jaconet  are  that  it 
is  not  cleanly,  it  readily  stretches,  safety-pins  are  dillicult  to  insert,  and  they  rust  quickh'. 

4.  Perforated  Zinc. — Strips  of  jierforated  zinc  covered  with  flannel  are  excellent 
for  trans{)ort  and  for  simple  fractures  after  the  deformity  has  been  corrected. 

Application  of  the  Splint. — 

1.  Fractures  of  the  Lozver  Third.— The  deformity  in  these  cases  is  very  constant.  The 
ower  fragment  is  displaced  markedly  backwards,  and  slightly  inwards,  due  to  the  action 

of  the  gastrocnemius,  popliteus,  and  adductor 
magnus.  In  some  the  fracture  is  transverse 
and  situated  immediately  above  the  condyle  ; 
but  in  a  greater  number  it  is  oblique  and  at  a 
slightly  higher  level.  The  main  vessels  are 
extremely  liable  to  injury  by  the  sharp  spiky 
end  of  the  lower  fragment.  Where  the  obliquity 
is  from  behind  forwards  and  upwards,  and  there 
is  not  much  shattering,  the  upper  end  of  the 
lower  fragment  may  be  displaced  behind  the 
lower  end  of  the  upper  fragment,  and  offer 
considerable  mechanical  obstruction  to  reduc- 
tion  {Fig.  309). 

With  the  manipulations  and  extension 
necessary  to  correct  the  deformity,  flexion  of 
the  hip-  and  knee-joint  is  necessary  ;  and  in 
order  to  counteract  the  tendency  to  recurrence 
of  the  displacement,  the  muscles  acting  on  the 
fragments  are  relaxed  by  flexing  the  splint  at 
the  level  of  the  knee-joint  15  to  20  degrees. 

It  is  sometimes  stated  that  by  the  flexion 
of  the  splint   in  this  way  the    essential    princi- 
ple of  the  Thomas  knee-splint  is  departed  from, 
and  that  the  Thomas   splint  then   acts    in  the 
same  way  as  a  Hodgen.     The  essential  princi- 
ple of  the  Thomas  knee-splint  is  the  fixed  ex- 
tension from  the  tuber  ischii.      The  more  the 
splint  is  flexed,  the  greater  is  the  difficulty  of 
maintaining    this    fixed    extension  ;     but,    with 
.  the  small  degree  of  flexion  actually  employed, 
this  can  still  be  efficiently  carried  out,  although  the  extending  force  is  less  in  the  direct 
line  of  the  limb. 

The  small  size  of  the  lower  fragment  renders  difficult  its  direct  manipulation  into 
accurate  position.  The  following  manoeuvre,  originally  shown  us  by  Major  Sinclair,  is 
most  effective  in  bringing  forward  the  backwardly  displaced  upper  end  of  the  lower 
fragment.  The  ring  of  the  Thomas  is  slipped  over  the  limb  and  pushed  home  against 
the  tuber  ischii.  A  doubly-looped  flannel  sling  is  passed  beneath  the  upper  end  of  the 
lower  fragment,  and  fixed  to  the  splint.  The  whole  lower  limb  below  the  site  of 
fracture  is  levered  over  this  sling,  using  it  as  a  fulcrum,  the  leg  being  extended  as 
much  as  jxjssible  ;  flexion  occurs  at  the  site  of  fracture,  and  the  backwardly -displaced 
lower  fragment  comes  forward  into  position. 

The  gauze  extension-strips  are  securely  tied  to  the  end  of  the  splint  while  traction 


l"I<i.  3fK>. — C'ommiiiuteiJ  fratture  of  lower  tliird  of 
femur,  with  i)ersistent  backward  displacement  of  lower 
fragment ;  reduction  obstructed  by  sliarp  lower  end  of 
upper  fragment. 
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is  being  maintained,  the  remaining  slings  required  to  support  the  limb  are  then  placed 
in  position,  and  the  foot-piece  is  applied  as  already  described. 

2,  Fractures  of  the  Middle  Third. — The  displacement  in  these  fractures  varies. 
Those  towards  the  upper  or  lower  third  show  to  a  lesser  degree  the  respective  deformi- 
ties associated  with  fractures  in  these  situations.  Here  also  may  occur  long  oblique  and 
spiral  fractures  associated  with  axial  rotation  of  fragments,  or  fractures  with  total  loss 
of  the  shaft  for  some  inches.  Grooved  or  incomplete  fractures,  or  clean  perforations  of 
the  bone,  are  very  much  rarer  than  in  the  upper  or  lower  third,  especially  the  latter, 
owing  to  the  different  construction  of  the  bone. 

For  these  cases  a  single  Thomas  splint  flexed  opposite  the  knee  is  applied,  except 
in  those  in  which  the  displacement  of  the  upper  fragment  is  similar  to  that  of  a  fracture 
in  the  upper  third,  when  a  Thomas  splint  is  also  applied  to  the  sound  limb.     In  correcting 
the  displacement,  particular  care  should 
be  taken  to  restore  the   normal   antero- 
posterior curve  of  the  shaft  of  the  femur. 

3.  Fractures  of  the  Upper  Third. — 
This  class  includes  those  in  which  the 
fracture  is  situated  between  the  neck 
and  a  point  4  to  5  in.  below  the  lesser 
trochanter  ;  and  the  displacement  of 
fragments  varies  with  the  relation  of  the 
fracture  to  the  muscular  attachments  to 
the  trochanters  and  upper  portion  of  the 
shaft — in  particular,  the  insertion  of  the 
ilio-psoas  into  the  lesser  trochanter,  and 
of  the  glutei  and  external  rotators  in 
the  region  of  the  greater  trochanter. 
The  commonest  type  is  that  below  the 
lesser  trochanter,  in  which  the  upper 
fragment  is  flexed,  abducted,  and  extern- 
ally rotated.  In  some  the  lesser  tro- 
chanter is  completely  detached  from  both 
fragments  ;  in  others  the  fracture  is 
oblique  between  the  trochanters,  so  that 
the  ilio-psoas  acts  on  the  lower  fragment. 
Even  in  fractures  situated  high  up  in 
the  region  of  the  great  trochanters,  simple 
Assuring  into  the  hip-joint  rarely  occurs, 
although  associated  injury  to  the  joint 
and  jjehns  (Fig.   310)   is  frequently   met 

with.  This,  of  course,  is  due  to  the  architectural  arrangement  of  the  bony  cancelli  in 
the  region  of  the  neck  of  the  femur. 

In  these  fractures  a  Thomas  knee-splint  is  applied  to  the  sound  as  well  as  to  the 
fractured  limb,  in  order  that  the  pehis  may  be  immobilized  as  far  as  possible.  Both 
splints  are  flexed  opposite  the  knee.  The  accurate  correction  of  the  deformity — more 
especially  the  abduction — is  carried  out  afterwards  in  the  ward,  as  will  be  described  later. 

In  our  experience  a  pair  of  Thomas  knee-splints  fixed  in  abduction  has  the  following 
advantages  over  an  abduction  frame  :  (a)  It  permits  of  readier  access  to  the  wounds  ; 
(6)  Nursing  is  easier  ;  (c)  Varjing  degrees  of  abduction,  flexion,  and  rotation  can  be 
accurately  obtained  ;  (d)  Skiagrams  during  the  treatment  can  be  taken  with  the  splints 
in  position  ;    (e)  Patients  are  more  comfortable. 

4.  Fractures  of  the  Head  and  Xeck. — These  are  often  associated  with  fractures  of  the 
pehis,  particularly  of  the  acetabulum  or  of  the  pubic  or  ischial  rami.  There  may  also 
be  lesions  of  the  pehic  \iscera.  As  in  fractures  of  the  upper  third,  two  Thomas  splints 
are  employed,  but  without  flexion  at  the  knee-joint  ;  and  the  accurate  correction  of  the 
deformity  is  carried  out  in  the  ward. 


Fli;.  31". ^-Comminuted  fracture  of  uj-i-er  tliird  of  femur, 
with  siiarp  upper  end  of  lower  fraameiit  driven  into  hip-joint. 
Extension  obtained  by  calipers  from  lower  end  of  femur.  See 
Figs.  oMi),  307. 
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WARD    AFTER-TREATMENT. 

Description  of  Special  Wards. — The  after-treatment  of  cases  of  compound  fracture 
of  the  femur  is  dillicult  in  the  absence  of  special  conveniences  and  appHances.  In  eacli 
of  the  femur  wards  was  erected  a  wooden  superstructure  running  the  whole  length  of  the 
ward  on  each  side.     The  details  are  shown  in  Figs.  311-315, 


FIG.  312. 


Scale,  of  Feet. 

Detail  of  BodySlin^ 

FIG.  313. 


Two  parallel  main  beams  (4  in.  by  3  in.)  A  and  A^,  running  lengthwise  along  the  ward 
are  suspended  from  the  tie-beams  of  the  ward  7  ft.  above  the  floor  by  stout  iron  rods    D 
and  D*,  placed  at  10-ft.  intervals.      A  is  7  ft.  6  in.  out  from  the  wall  of  the  ward,  i.e.,  1  ft. 
beyond  the  foot  of  the  bed.      A»  is  3  ft.  from  the  wall,  i.e.  from  the  head  of  the    bed. 
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Opposite  the  foot  of  each  bed  are  two  vertical  uprights  B  and  B\  secured  by  screws  to 
the  floor  below  and  to  the  main  beam  A  above.  These  uprights  can  be  fixed  in  any  desired 
position  of  separation  or  approximation.  Resting  on  the  main  beams  A  and  A\  are 
two  movable  wooden  abduction  bars  C  and  C^  Over  the  head  of  the  bed  these  come 
together  and  rest  on  a  small  wooden  block  fixed  to  the  wall  of  the  ward  opposite  the 
central  line  of  the  bed.  The  abduction  bars  are  attached  to  A  and  A^  by  screws,  and  at 
the  foot  of  the  bed  correspond  in  position  to  the  uprights  B  and  B'.  These  abduction  bars 
are  used  for  the  followng  purposes  :  (a)  For  the  attachments  of  the  necessary-  hooks 
and  pulleys  for  suspending  the  splints  ;  (6)  For  attaching  the  canvas  sling  E  {Figs.  312, 
313) ;  (c)  By  altering  their  angle  any  required  degree  of  abduction  may  be  obtained. 
From  A'  opposite  the  middle  line  of  each  bed  is  suspended  a  rope  and  bar  F  for  the 
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Figs.  314,  315. 


patient  to  raise  himself.  Attached  to  the  beam  opposite  the  foot  of  each  bed  is  a  device 
for  keeping  the  foot  of  the  bed  raised  (Figs.  314,  315).  The  legs  at  the  head  of  each  bed 
fit  into  small  blocks  which  prevent  the  bed  from  slipping  when  the  foot  is  raised.  An 
advantage  of  the  whole  arrangement  is  that  the  two  vertical  uprights  are  the  only  por- 
tions of  the  structure  which  rest  on  the  floor,  and  the  floor  space  between  and  around 
the  beds  is  quite  free. 

Method  of  Suspension  when  a  Single  Thomas  Splint  has  been  applied  {Fig.  316). — 
\Miite  cotton  cord  J  in.  in  thickness  is  used  as  the  suspending  material.  A  loop  about 
2^  ft.  long  is  attached  at  each  end  of  the  splint.  To  the  centre  of  this  is  tied  a  long  piece 
of  cord,  the  end  of  which  carries  a  weight.  Each  cord  runs  over  two  pulleys — the  first 
pulley  in  each  case  is  attached  to  the  abduction  bar  slightly  nearer  the  head  of  the  patient 
than  the  attachment  of  the  corresponding  loop  to  the  splint.  The  second  pulleys  are 
attached  to  the  main  beam  A  {Fig.  311),  just  inside  the  vertical  upright,  so  that  the 
weights  are  less  likely  to  be  disturbed  on  passing  between  the  beds.  The  weights  used 
are  such  that  the  limb  in  the  splint  remains  in  any  position  in  which  it  is  placed.  The 
weight  acting  on  the  upper  end  of  the  splint  is  made  a  j>ound  or  two  hea\ier  than  that 
acting  on  the  lower  end,  so  as  to  assist  the  patient  to  raise  his  pehis  in  bed.  The  weight 
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and  pulley  suspension,  by  allowing  a  patient  to  ehange  his  j)<)sition  in  bed  at  will, 
greatly  facilitates  the  nursing,  and  a  certain  degree  of  movement  of  the  hip-joint 
is  permitted. 


Fig.  316. — Single  Tliomas  knee-splint  saspended  by  weiglits  and  pulleys. 


FIG.  317. — Comptound  fracture  oi  upper  third  of  femur,  with  large  buttock  wounds.     Hodgen  splint  to  fractured 
side.     Tljomas  splint  on  sound  limb.     See  Figs.  32fi,  327. 

Method  of  Suspension  when  Two  Thomas  Splints  have  been  applied  {Fig.  318). — 
On  the  patient's  return  from  the  theatre  : — 

1.  The  foot  of  the  bed  is  raised.  By  so  doing  the  counter-extension  action  of  the 
body-weight  is  made  use  of,  and  the  bed  is  only  lowered  when  it  is  desired  to  obtain  access 
to  the  wound  or  for  the  ordinary  nursing  attentions. 
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2.  To  the  upper  and  lower  ends  of  each  splint  a  loop  of  cord  is  attached  as 
previously  described.  The  cord  from  the  centre  of  each  loop  is  tied  to  a  hook  in 
the  abduction  bar,  again  slightly  nearer  the  head  end  than  its  attachment  to  the 
splint.  The  length  of  the  cord  is  such  that  the  limbs  are  just  free  of  the  bed,  and 
their  tension  is  so  regulated  that  no  sagging  occurs  when  the  bed  is  lowered.  At  flrst, 
suspension  by  weights  and  pulleys  was  used  instead  of  this  fixed  suspension,  but  it 
was  found  that  the  same  immobilization  of  the  pelvis  and  splints  was  not  obtained 
when   the    bed    was    lowered. 


Fit;.  318. — -Su.<pensioii  wlieii  two  Tlioma?  .splints  have  been  applied. 


3.  The  lower  ends  of  the  splints  are  connected  by  a  wooden  'spreader"  G  (Fig.  311). 
These  spreaders  are  made  of  lengths  from  3  ft.  6  in.  upwards,  according  to  the  degree 
of  abduction  required.  The  upper  ends  of  the  splints  are  connected  by  means  of  an 
ordinars'  spring  wire  foot-piece,  which  is  bound  to  each  inner  bar  by  adhesive  strapping. 
The  pelvis  is  thus  efficiently  immobilized,  and  forms  the  apex  of  a  fixed  triangle. 

4.  To  the  end  of  each  splint  is  attached  a  weight  by  a  cord  passing  over  a  pulley 
fixed  to  the  upright,  at  such  a  height  that  the  pull  exerted  is  in  the  direct  line  of  the  splint. 
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Flu.   3l!l. 

FKi<.  319,  320,  and  321. — Showing  application  of  sling  and  lowering  of  bed  to  obtain  access  to  wounds  or  to  carry  out 

the  ordinary  nursing  attentions. 


FKi.  3iO. 
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The  weight  is  so  adjusted  as  to  counteract  the  tendency  of  the  patient  to  slide  towards 
the  lieaci  of  the  bed,  especially  when  the  foot  of  the  bed  is  raised.  At  first,  the  ends  of 
the  splints  were  simply  tied  to  the  uprights  in  order  to  effect  this,  and  also  to  furnish  the 
fixed  point  against  the  counter-extending  body-weight.  The  weight  and  pulley  were 
later  substituted,  as  they  were  found  more  satisfactory-  for  the  following  reasons  :  (a)  The 
tension  of  the  cord  is  constant,  and  does  not  need  frequent  readjustment  owing  to  volun- 
tary movements  of  the  patient  in  bed  ;  (b)  Owing  to  the  slight  give-and-take  permitted 
by  the  weight  and  pulley,  the  Thomas  splints  are  kept  in  better  apposition  with  the  tuber 
ischii,  and  the  glue  extension  requires  less  frequent  renewal  :  (f)  Where  additional  exten- 
sion is  desired,  extra  weight  may  be  used  to  supplement  the  fixed  extension  obtained 
from  the  tuber  ischii. 

Method  of  Employment  in  the  \iirsing  of  the  Patient  (Figs.  319-321). — ^^^len  it  is 
necessary'  to  obtain  access  to  the  wounds  or  to  carrj-  out  the  ordinary-  nursing  attention, 
the  canvas  sling  E  (Fig.  31?)  is  slipped  under  the  patient's  back  and  adjusted  evenly. 
As  will  be  seen  in  Figs.  320,  321,  the  sling  extends  from  above  the  shoulders  to  below 
the   iliac   crests,  and  particular  care  should   be  taken  that  it  takes  a   firm  grip  of  the 
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pelvis.  The  sling  is  attached'by  two  chainsjon  each  side  to  hooksjon  the  abduction 
bars,  or  by  a  block-and-tackle  .arrangement,  shown  in  Fig.  313,  so  as  just  to  take  the 
weight  of  the  patient.  The  foot  of  the  bed  is  then  disengaged  and  lowered.  The  patient 
is  thus  susf>ended  by  the  sling  and  the  cords  attached  to  the  splints.  If  the  sling  has 
been  well  applied,  the  relative  position  of  the  body  and  pelvis  to  the  lower  limbs  is 
unaltered.  Xo  discomfort  or  pain  is  caused,  and  the  jxjsition  may  be  maintained  for 
any  desired  length  of  time.  If  need  be,  the  whole  bed  can  be  removed  and  be  replaced 
by  a  fresh  one. 

Alternative  Device  for  Cases  ivhere  Tmo  Thomas  Splints  have  been  Applied  {Fig.  322). 
— In  one  of  the  wards  cases  of  fracture  of  the  upper  third  were  treated  with  the  following 
arrangement,  devised  by  the  late  Major  W.  S.  Garnett,  A.A.M.C.  The  flexed  Thomas 
splints  are  applied,  and  their  lower  and  upp)er  ends  connected  as  already  described.  The 
foot  of  the  bed  is  not  raised,  and  extension  is  maintained  solely  by  means  of  the  ordinary 
gauze  strips  tied  to  the  ends  of  the  splints.  The  lower  ends  of  the  splints  are  suspended 
by  cords  from  the  abduction  bars,  while  ta  the  ring  of  each  splint  is  attached  a  cord 
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carrying  a  weight,  passing  over  a  pulley.  The  cord  is  attached  to  the  anterior  part  of  the 
ring  of  the  splint  diagonally,  opposite  the  ischial  tuberosity,  and  the  direction  of  the  [)ull 
of  the  weight  is  thus  upwards  and  slightly  outwards.  The  weights  are  so  adjusted  that 
when  the  patient  pulls  himself  up  in  the  canvas  sling  by  means  of  a  block  and  tackle,  the 
rings  of  the  splints  follow  the  upward  movement  of  the  pelvis. 


-Alternative  device  for  susiieiision  of  cases  vvliere  two  Thomas  splint.s  liave  been  applied. 


Treatment  of  Wounds. — When  the  dressing  is  to  be  done,  the  slings  beneath  the 
wound  are  unfastened,  and  it  is  cleaned  up  with  alternate  applications  of  hydrogen 
peroxide  and  saline.  A  small  dry  dressing  is  then  applied,  and  clean  sterile  slings  are  fixed 
in  position  to  the  degree  of  tension  required  to  maintain  the  corrected  j)osition  of  the 
fracture.  When  there  is  much  discharge,  the  bulk  of  the  dressing  is  placed  outside  the 
slings,  and  retained  in  position  by  a  triangular  bandage.  Where  acute  sepsis  is  present, 
foments  of  saline  or  spirit  are  used.  When  the  wounds  have  been  efficiently  cleaned  up 
and  effective  drainage  has  been  provided,  this  simple  method,  carried  out  as  frequently 
as  possible,  has  given  better  results  than  the  application  of  one  or  other  of  the  recently 
introduced  antiseptics  strongly  recommended  by  others.  Where  wounds  are  extensive, 
the  dressing  is  done  in  sections,  so  that  all  slings  supporting  the  fracture  are  not  withdrawn 
simultaneously. 

Treatment  Directed  to  the  Fracture. — Within  the  first  day  or  two,  skiagrams  are 
taken  by  means  of  the  portable  a;-ray  apparatus,  and  the  necessary  adjustments  are 
performed  in  order  to  correct  any  deformity  thereby  shown.  At  periodic  intervals 
further  skiagrams  are  taken,  and  these  give  valuable  information  on  the  progress  of 
the   case. 

Maintenance  of  Extension. — Care  must  be  taken  that  extension  is  efficiently 
maintained  until  firm  union  has  occurred.  Owing  to  the  elasticity  of  the  skin,  and  the 
stretching  of  the  gauze  strips  by  the  continuous  pull,  the  extension  strips  require  frequent 
attention.     Various  devices  have  been  described  for  maintaining  the  requisite  tautness 
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of  the  extension  strips  A^ithout  untying  and  retying  them.  Such  are  the  key  and  screw 
thread  described  by  Sir  Robert  Jones  in  the  British  Medical  Journal,  1916,  Dec.  16  ;  the 
tie  described  by  Rankin  in  the  British  Medical  Journal ;  the  twitch  by  means  of  a  long 
nail  ;  and  the  stout  piece  of  rubber  tubing  attaching  the  strips  to  the  end  of  the  splint. 
Of  these,  the  first  has  been  found  most  suitable. 

The  extension  required  to  correct  the  deformity  in  compound  fractures  is  less  than 
that  in  most  cases  of  simple  fracture  ;  and  in  some  cases  of  the  former,  lengthening  of 
the  fractured  limb  can  be  obtained  by  degrees  of  extension  which  are  not  excessive.  The 
greater  ease  of  correction  of  the  deformity  in  compound  fractures  is  due  to  two  reasons  : 
first,  because,  owing  to  the  shattering  and  loss  of  bone  at  the  site  of  fracture,  there  are 
not  the  same  mechanical  obstructions  to  reduction  ;  and  secondly,  because  the  power  of 
the  muscles  is  diminished  owing  to  their  destruction  and  subsequent  sepsis. 


FIG.  323. — Showing  eTtra  abdaction  to  correct  defonnitT.      Compare  Fuf.  318,  showing  ordinary  abduction. 


Lovcer  Third. — In  these  cases  direct  lateral  skiagrams  of  the  fracture  should  be 
taken,  to  ascertain  that  the  backward  deformity  remains  accurately  corrected  ;  although 
usually  when  this  has  once  been  done,  the  deformity  does  not  tend  to  recur  as  often  as 
in  other  parts  of  the  bone.  A>Tiere  the  backward  displacement  of  the  lower  fragment 
has  not  been  entirely  corrected,  the  following  may  be  necessan,'  :  {a)  Increased  flexion 
of  the  knee  :  this  is  done  by  further  bending  the  splint  with  a  pair  of  wrenches.  (6) 
Increasing  the  tension  of  the  sling  beneath  the  upper  end  of  the  lower  fragment,  (c) 
Additional  extension  ;  the  extension  exerted  by  the  gauze  strips  may  be  supplemented 
by  raising  the  foot  of  the  bed  and  attaching  weight-and-pulley  extension  to  the  end  of 
the  splint  ;    this  is  rarely  necessary. 

The  treatment  adopted  in  those  cases  in  which  the  knee-joint  is  involved  will  be 
discussed   under   "•  Complications." 
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Middle  Third. — Antero-j)osterior  and  lateral  skiagrams  are  taken.  Even  after  the 
fraeture  has  been  aeeurately  eorrected,  continual  care  is  necessary  during  the  whole  of 
the  after-treatment,  in  order  that  the  normal  antero-posterior  curve  of  the  fennir  may 
be  maintained  until  firm  union  has  occurred.  In  all  cases  of  fracture  the  limb  is 
frequently  measured,  to  ascertain  if  shortening  is  present.  The  tape  measure  may 
show  absence  of  shortening,  and  an  antero-posterior  skiagram  good  alinement,  but  there 
may  be  present  a  backward  instead  of  the  normal  forward  curve  of  the  shaft.  If 
imion  occurs  in  this  position,  the  resulting  disability  is  great.  Good  position  can  usually 
be  maintained  by  regulating  the  tension  of  the  slings  supporting  the  fracture,  but  in 
some  cases  it  may  be  necessary  to  exert  additional  traction  on  a  fragment  in  a  particular 
direction,  e.g.  :  (a)  Medially  or  laterally,  by  a  sling  passed  round  the  limb  and  secured 
to  the  side-bar  of  the  splint  ;  (6)  Antero-posteriorly  or  obliquely,  by  the  arrangement 
shown  in  Fig.  320  (right  thigh)  :  an  ordinary  spring  wire  foot-piece  is  fixed  to  the 
splint  near  the  knee  ;  a  straight  metal  bar  is  attached  to  this  by  one  end,  and  by  its 
other  to  the  ring  of  the  splint  ;  the  bar  is  fixed  in  the  line  in  which  it  is  desired  to  exert 
traction  ;  the  sling  is  passed  round  the  limb  and  secured  to  this.  This  device  can  also 
be  used  in  fractures  in  other  parts  of  the  bone. 

Upper  Third  {Figs.  324-327). — Stereoscopic  skiagrams  are  taken,  as  direct  lateral 
views  are  not  possible.  As  already  stated,  two  Thomas  splints  are  used  to  immobilize 
the  pelvis  as  far  as  possible  and  to  prevent  its  tilting  when  the  fractured  limb  is  abducted 
to  correct  the  abduction  deformity.  On  a  single  Thomas  splint  it  is  impossible  to 
prevent  the  patient  from  altering  the  position  of  his  body  and  pelvis,  so  defeating  the 
efforts  made  to  keep  his  fractured  limb  abducted.     Where  the  skiagram  shows  that  the 


FIGS.  324,  325.— 
Fracture  of  upper  third 
of  femur,  showiiiijr  cor- 
rection of  abiluetiou 
of  upper  fragment. 


initial  abduction  is  insufficient,  the  fractured  limb 
is  further  abducted  as  already  described,  and 
another  skiagram  taken.  This  is  repeated  until 
sufficient  abduction  has  been  obtained  (Figs.  318, 
323).  It  will  be  found  in  .some  cases  that  a 
greater  degree  of  abduction  is  required  in  the 
earlier  .stages,  as  the  abduction  of  the  upper  frag- 
ment may  become  less  pronounced  at  a  later  date. 

Where  the  skiagram  shows  that  the  upper  fragment  is  still  flexed  in  relation  to  the 
position  of  the  lower  fragment,  the  following  may  be  necessary  in  addition  to  the  mea- 
sures already  described  :  (a)  Increa.sed  flexion  of  the  splint  at  the  knee  ;  (b)  Raising 
the  level  of  the  lower  end  of  the  splint. 

As  soon  as  reasonably  firm  union  has  occurred  in  ca.ses  where  two  splints  have  been 
applied,  the  splint  is  removed  from  the  sound  limb,  and  the  fractured  limb  suspended 
by  weights  and  pulleys  as  in  cases  where  a  single  Thomas  splint  has  been  used  from  the 
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commencement.     At  the  same  time  the  splint  is   gradually  straightened  by  means  of  a 
pair  of  wTcnches. 

Head  and  \eck. — The  treatment  of  these  fractures  is  the  same  as  for  those  of  the 
upf)er  third,  except  that  the  splints  are  not  flexed  at  the  knee-joint.  In  six  cases, 
septic  arthritis  of  the  hip-joint  was  associated  with  the  compound  fracture.  The  imme- 
diate prognosis  in  such  cases  is  in  marked  contrast  with  that  of  similar  infection  of  the 
knee-joint.  All  the  cases  met  with  subsided  with  immobilization  and  extension  in  the 
abducted  position  and  free  drainage.  In  two  cases  in  which  the  head  of  the  femur  was 
completely  detached,  death  of  the  detached  head  occurred,  necessitating  removal  at  a 
later  date.  Apparently,  even  in  young  men,  in  the  presence  of  severe  sepsis  the  vas- 
cular supply  of  the  head  via.  the  ligamentum  teres  is  insufficient  to  maintain  its  vitality. 


Figs.  3i6,  327. — Comminuted  fractnre  of  upper  third  of  femur,  with  split  down  shaft  (does  not  show  well  in 
reproduction).  Gradual  conrectioa  ot  deformity,  with  final  miion  in  good  position.  Hodgen  splint  to  fractured  side. 
Thomas  splint  to  sound  limb.     See  Fig.  317.     " 


Position  of  the  Foot. — This  is  kept  at  an  angle  of  10  to  15  degrees  external  to 
the  sagittal  plane,  and  at  right  angles  to  the  leg.  The  foot  is  thus  maintained  in  the  nor- 
mal jjosition  assumed  in  walking,  and  foot-drop  is  prevented.  Where  it  is  necessary  to 
correct  axial  rotation  of  the  upf>er  fragment,  the  lower  fragment  may  be  externally  rotated 
by  increasing  the  angle  made  by  the  foot  with  the  sagittal  plane. 

Pressure  Sores. — The  skin  of  the  back  and  in  the  region  of  the  ring  of  the  splint 
requires  careful  attention,  especially  over  the  tuber  ischii.  Patients  are  also  instructed  that 
they  themselves  by  gentle  traction  must  frequently  substitute  another  portion  of  skin 
l>etween  the  tuber  ischii  and  the  ring  of  the  splint.  An  air  cushion  has  the  disadvantage 
that  the  patient  always  tends  to  work  it  down  between  the  ring  of  the  splint  and  the  but- 
tock, and  so  to  displace  the  ring  from  the  tuber  ischii.  For  this  reason  we  have  discour- 
aged the  use  of  air  cushions  as  far  as  possible.  With  the  limb  in  a  flexed  splint  care 
must  also  be  taken  lest  a  sore  result  from  continual  pressure  of  a  sling  behind  the  knee. 

Fracture  Boards  are  inserted  beneath  the  mattress  from  the  pelvis  to  the  head. 
Frequent  changing  of  the  mattress  is  necessarj',  as  it  becomes  damp  and  mouldy  on  its 
under  surface  next  the  boards. 
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Covering  of  the  Lower  Limbs.  -  Special  arran<jements  arc  necessary  to  keep  the  exposed 
lower  limbs  warm.     Small  woollen  or  eider-down  (|uilts  serve  this  purpose  excellently. 

Movements  of  Joints  during  tlie  After-treatment. — It  is  stated  that  extension 
applied  throu<;h  the  knee-joint  for  many  weeks  in  cases  of  fractured  femur  is  an  itnport- 
ant  factor  in  causing  subsequent  stiffness  and  limitation  of  movement  of  I  lie  joint. 
Prt)vided  ordinary  care  is  taken,  we  think  that  the  fear  of  permanent  disability  from 
this  cause  has  been  overestimated.  Observation  of  the  cases  of  simple  fracture  of  the 
femur  in  this  series — all  treated  by  the  methods  already  described — has  shown  that  in 
all  these  cases  the  limitation  of  movement  of  the  knee-joint  which  is  present  when  the 
limb  is  first  removed  from  the  splint,  rapidly  diminishes  with  massage  and  active  move- 
ments. 

In  septic  compound  fractures  the  condition  is  more  often  due  to  the  destruction 
and  subsequent  .sepsis  of  the  muscles  and,  to  a  less  extent,  of  the  other  soft  parts.  When 
one  observes  the  great  initial  loss  of  muscle — in  many  cases  right  down  to  the  bone — the 
subsequent  formation  of  inflammatory  tissue  as  a  result  of  sepsis,  and  the  final  fibrosis 
and  scarring,  one  can  readily  appreciate  the  important  effect  these  factors  have  on  the 
subsequent  movements  of  neighbouring  joints.  This  is  especially  the  case  as  regards 
the  extensor  muscles,  with  their  wide  origin  from  the  shaft.  In  some  cases  the  healed 
skin  wound  is  firmly  bound  down  by  fibrous  tissue  to  the  subjacent  bone,  with  no  muscular 
tissue  intervening.  In  such  cases  an  attempt  to  increase  the  range  of  movement  forcibly 
results  in  pain,  located  at  the  site  of  the  original  wound.  In  a  few  of  our  earlier  cases 
forcible  movement  under  an  anaesthetic  was  performed.  The  results  were  not  such  as  to 
lead  us  to  continue  the  practice.  In  these  cases,  when  all  signs  of  acute  sepsis  had  subsided 
and  union  was  present,  the  thigh  was  immobilized  as  firmly  as  possible  by  bandaging  in 
the  splint  and  holding  with  the  hand,  and  under  nitrous  oxide  anaesthesia  the  knee  was 
once  flexed  and  fully  extended.  In  two  instances  sepsis  was  again  lighted  up  at  the 
site  of  fracture,  and  in  one,  where  the  wounds  were  healed,  the  scar  over  the  bone 
reopened.  In  none  of  them  was  the  final  result  any  better  than  would  have  been 
otherwise  obtained. 

The  cases  of  permanently  stiff  knees  become  very  few  when  one  excludes  those  in 
which  diminished  range  of  movement  at  the  knee-joint  is  due  to  :  (a)  Damage  to  the 
articular  surface,  either  by  fissuring  into  the  joint,  or  by  direct  involvement  in  the  wound  ; 
(6)  Peri -articular  infection,  with  fibrosis  and  scarring  ;  or  (c)  Extensive  damage  to,  and 
subsequent  sepsis  of,  the  muscles  acting  on  the  joint.  Much  of  the  disability  which 
would  result  from  the  last  class  is  obviated  when  free  removal  of  devitalized  and 
infected  lx>ne  fragments  by  esquillectomy  has  been  performed  in  the  earlier  stages  of 
treatment,  and  sepsis  of  the  fracture  and  muscles  thereby  diminished. 

Our  practice  is  as  follows  : — 

Hip-Joint. — In  cases  on  a  single  counterweighted  Thomas  splint,  small  degrees  of 
movement  take  place  at  the  hip-joint  whenever  the  splint  or  patient  is  raised.  After 
rea.sonably  firm  union  has  occurred,  the  patient  is  encouraged  to  sit  up  and  move  freely 
about  the  bed  ;  free  movement  occurs  at  the  hip-joint,  and  pressure  is  removed  from  the 
skin  of  his  back.  In  cases  where  two  Thomas  splints  have  been  applied,  every  few  days 
the  extension  is  removed  from  the  sound  limb,  and  the  patient  made  to  exercise  freely 
all  the  muscles  and  joints.  As  soon  as  reasonably  firm  union  has  occurred,  the  splint  is 
removed  from  the  sound  limb,  the  splint  on  the  fractured  limb  is  suspended  by  weights 
and  pulleys,  and  the  bed  lowered. 

Knee. — Everj*  few  days,  after  acute  sepsis  has  subsided,  the  knee  is  gently  moved  as 
follows  :  A  firm  grip  is  taken  of  the  condyles  with  one  hand,  and  extension  exerted. 
The  extension  strips  are  untied,  and  while  the  sister  holds  the  splint  and  thigh  at  the  site 
of  fracture,  the  leg  is  gently  raised  from  its  flexed  position  on  the  splint  to  full  extension. 
This  movement  is  performed  three  or  four  times.  The  patella  is  moved  as  a  matter  of 
almost  daily  routine. 

Foot  and  Ankle. — From  the  commencement  the  patient  is  instructed  to  perform 
each  day  a  set  number  (e.g.   100)  of  movements  of  his  foot  and  toes.     This  is  readily 
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permitted  on  a  Sinclair  foot-piece  when  the  tapes  attaching  it  to  the  end  of  the  splint 
are  untied. 

Massage.— Regular  massage  is  carried  out  by  masseurs  in  each  ward. 

COMPLICATIONS. 

Sepsis. — Further  incisions  for  drainage  may  be  necessary-  on  account  of  spread  of 
infection  causing  collections  of  pus  in  various  situations.  The  effect  of  gra\ity  deter- 
mines to  a  certain  extent  the  direction  of  the  spread.  The  commonest  direction 
is  up  the  posterior  aspect  of  the  thigh,  may  be  as  far  as  the  buttock.  Another 
frequent  site  is  Hunter's  canal :  the  spread  is  along  the  course  of  the  femoral  vessels, 
and  the  infection   may  spread   from   here  into  the  region  of  Scarpa's  triangle. 

O|)eration  for  these  conditions — and  other  secondary-  operations,  e.g.  the  removal  of 
sequestra — should,  whenever  possible,  be  carried  out  with  a  minimum  disturbance  of  the 
limb,  by  simply  removing  the  necessary  slings.  It  is  almost  always  possible  to  do  this 
with  the  limb  in  the  splint  and  the  extension  undisturbed. 

Secondary  Haemorrhage. — This  usually  occurs  from  the  10th  to  the  20th  day,  but 
may  occur  much  later.  In  one  case  it  occurred  twenty  weeks  after  the  wound,  and  was 
due  to  erosion  of  the  popliteal  artery-  on  the  posterior  surface  of  the  femur  from  a  focus 
of  infection  around  a  sequestrum.  In  the  majority  of  cases  the  site  of  the  wounds  and 
the  severity  of  the  haemorrhage  make  it  evident  that  the  bleeding  has  occurred  from  the 
femoral  artery.  In  these  it  is  our  practice  to  amputate  rapidly  at  the  site  of  fracture, 
because  ligature  of  the  femoral  above  and  below  the  bleeding  |X)int  in  an  already  septic 
compound  fracture  is  so  frequently  followed  by  gangrene,  which  necessitates  amputation 
when  the  patient's  condition  is  still  more  unfavourable.  If  the  haemorrhage  has  not 
been  alarming,  and  from  the  situation  of  the  wounds  there  is  reasonable  ground  for 
believing  that  the  bleeding  is  not  arising  from  the  main  vessel,  the  wounds  are  explored. 
In  some  it  is  ix)ssible  to  identify-  the  bleeding  vessel  and  tie  it  above  and  below.  In- 
others  no  further  haemorrhage  is  seen  when  the  tourniquet  is  relaxed.  In  the  latter 
case  the  wounds  are  packed  with  gauze  and  the  patient  ■sf)ecialled." 

Blood  transfusion  has  been  employed  in  many  cases  of  severe  secondary-  haemor- 
rhage, and,  in  addition,  is  of  value  in  patients  who  are  profoundly  anaemic  from  con- 
tinued sepsis  ;  in  these  the  general  condition  is  improved  and  the  wounds  take  on  a 
healthier  appearance.  The  method  employed  is  the  indirect  one,  from  vein  to  vein,  by 
means  of  paraffin-coated  glass  fla.sks.  Owng  to  the  difficulty  of  obtaining  Vincent  or 
Kimpton-Brown  tubes,  we  have  used  large  Carrel  ampoules  with  the  ends  suitably 
drawn,  and  have  found  them  perfectly  satisfactory-.  The  amount  given  is  from  600  to 
900  c.c.  Group  IV  donors  have  been  used  in  all  cases,  and  a  few  of  these  are  always 
kept  available.  Prior  to  the  adoption  of  blood  transfusion,  saline  solutions  were  given 
intravenously,  but  the  improvement  in  the  patient's  general  condition  is  transient — 
not  lasting,  as  in  blood  transfusion. 

Infection  of  Joints. — In  fractures  of  the  lower  third  of  the  femur  the  knee-joint 
is  frequently  involved,  either  by  the  wound  opening  directly  into  the  joint,  or  by  a 
fissure  extending  from  the  site  of  fracture  ;  these  fissures  may  not  always  be  e\ident 
in  the  skiagram.  In  the  former,  as  already  stated,  the  special  treatment  directed  to 
the  correction  of  the  fracture  is  delayed  until  the  fate  of  the  knee-joint  is  determined, 
and  absolute  immobilization  is  maintained.  If  the  knee  is  ob%iously  infected,  the  joint 
is  aspirated  and  the  fluid  examined.  \Mien  the  infecting  organism  is  streptococcal 
(especially  the  long-chained  varieties),  the  prognosis  is  worst,  and  ultimate  amputation 
generally  becomes  necessary-.  The  prognosis  is  better  in  cases  of  anaerobic  and  coccal 
infections,  in  which  aspiration  followed  by  washing  out  of  the  joint,  or  drainage  by 
parapatellar  incisions,  may  suffice. 

Suppurative  arthritis  of  metastatic  origin  occurred  in  six  cases,  and  in  one  case  its 
incidence  in  the  knee-joint  followed  on  the  movement  involved  in  manipulating  and 
re-extending   a    malunited    fracture   of  the  upper   third    in   which   signs   of  acute   sepsis 
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had  subsided.  The  six  cases  were,  shoulder  3,  wrist  1,  knee  1,  ankle  1.  In  its  insidious 
onset  and  comparatively  favourable  prognosis,  suppurative  pyaeniic  arthritis  is  in 
marked  contrast  to  the  septic  arthritis  resulting  from  involvement  in  the  wound  or 
from  direct  spread  from  the  site  of  fracture.  Immobilization  and  drainage  sulTiced  in 
all  cases.  In  addition  to  pyaemic  joints,  localized  pyicmic  foci  may  develop  in  other 
situations. 

(Edema  of  the  Limb. — (Edema  of  the  leg,  foot,  and  ankle  may  occur  when  consider 
able  tension   of  the   slings   above  the   knee   is   necessary   to   correct   the   displacement  in 
fracture  of  the  lower  third.     The  general  oedema  of  the  limb  which  sometimes  occurs  on 
its  removal  from  the  splint,  after  union  has  occurred,  subsides  in  a  few  days  with  massage 
and  elevation  of  the  limb. 

Tetanus. — Tetanus  was  met  with  in  four  cases.  In  one,  symptoms  developed  on  the 
eleventh  day,  and  death  occurred  within  thirty-six  hours  from  generalized  tetanus.  In 
another,  recovery  from  generalized  tetanus  occurred,  but  death  took  place  from  secondary 
haemorrhage  at  a  later  date.  In  the  remaining  two  the  symptoms  and  signs  were  local- 
ized to  the  wounded  limb,  and  both  recovered.  All  four  cases  had  received  the  usual 
prophylactic  injections  of  antitetanic  serum,  and  all  were  treated  by  large  doses  of 
antitetanic  serum  given  intramuscularly. 

Associated  Nerve  Injuries. — The  only  cases  met  with  have  been  lesions  of  the  sciatic 
nerve  (6  cases),  which  is  especially  liable  to  injury  in  compound  fractures  of  the  upper 
third.  In  one  case  the  sciatic  nerve  was  completely  divided  on  the  side  opposite  to  that 
of  the  fractured  limb  by  a  missile  which  had  passed  through  both  thighs  :  suture 
of  the  nerv'c  was  performed,  but  it  is  too  soon  to  judge  with  what  benefit.  In  the 
other  cases  of  complete  division  of  the  nerve,  varying  lengths  up  to  four  inches  had  been 
lost,  and  in  addition  severe  sepsis  was  present.  Suture  of  the  nerve  was  not  attempted, 
beyond  connecting  the  divided  ends  with  catgut  to  facilitate  the  identification  of  the 
nerve  at  a  possible  subsequent  operation.  Union  of  the  fracture  is  greatly  delayed  in 
these  cases  ;  and  although  the  prospect  of  the  patient  ultimately  having  a  useful  limb  is 
remote,  amputation  has  not  been  performed  on  these  grounds  alone,  in  the  hope  tliat 
successful  nerve  grafting  may  be  possible  at  a  later  date,  or  that,  even  if  the  limb  has 
eventually  to  be  amputated,  it  may  be  possible  to  do  so  close  to  the  knee,  after  firm 
union  of  the  fracture  has  occurred,  and  so  give  the  patient  a  more  useful  stump  than 
if  amputation  had  been  performed  in  the  first  place  at  the  site  of  fracture,  wliich  is 
usually  in  the  upper  third. 

In  these  cases  the  after-treatment  is  difficult,  owing  to  the  tendency  to  the  develop- 
ment of  trophic  lesions,  rendering  extension  difficult. 

In  two  cases  loss  of  function  in  the  area  of  distribution  of  the  external  popliteal  nerve 
occurred  during  the  after-treatment,  and  was  probably  due  to  pressure  by  a  sling  on  the 
nerve  in  its  exposed  situation  below  the  head  of  the  fibula. 

Formation  of  Sequestra. — As  previously  .stated,  the  formation  of  sequestra  and 
persistent  sepsis  are  less  frequent  when  careful  subperiosteal  esquillectomy  has  been 
performed.  As  acute  sepsis  is  so  readily  lighted  up,  much  harm  may  be  caused 
by  premature  surgical  interference  for  the  removal  of  sequestra.  Such  operations  are  per- 
formed only  when  it  is  fairly  certain  that  the  sequestra  are  free.  The  time  at  which 
this  occurs  varies  considerably.  It  is  rarely  less  than  six  weeks,  but  may  be  much  longer, 
as  in  cases  when  necrosis  of  the  ends  of  the  main  fragments  takes  place  and  the  whole 
thickness  of  the  shaft  itself  is  cast  off.  The  situation  and  extent  of  the  sequestra  are 
determined  as  far  as  possible  by  a;-ray  examination.  The  sinuses  leading  down  to  them 
are  of>ened  up,  and  they  are  removed  with  as  little  disturbances  of  the  other  tissues  as 
possible.  This  can  usually  be  done  with  dressing  or  sequestrum  forceps.  No  curetting 
or  chiselling  of  the  bone  or  callus  is  performed,  except  in  those  cases  in  which  it  is 
necessary  to  enlarge  the  track  leading  to  a  centrally-situated  sequestrum.  These  opera- 
tions are  always  performed  with  the  limb  on  the  splint. 

Foreign  Bodies.— Where  free  drainage  has  been  provided,  no  extended  search  is  made 
at  the  original  operation  for  foreign  bodies  shown  by  the  x  rays,  unless  they  are  large 
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or  readily  accessible.  In  the  few  cases  in  which  persistence  of  a  sinus  is  due  to  their 
presence,  they  can  be  readily  removed  at  a  later  date,  when  the  track  leading  down  to 
them  can  be  readily  followed.  This  is  much  preferable  to  undertaking  at  the  primary 
operation  an  extensive  dissection  for  their  removal,  as  large  tracts  of  uninfected  tissue 
may  thereby  be  opened  up  to  infection. 


LENGTH    OF    TIME    NECESSARY    FOR    FIRM    UNION. 

As  the  cases  treated  were  all  fit  men  of  military  age,  the  ordinary  systemic  causes  of 
delayed  union  are  of  secondary  importance.  The  main  factors  are  :  (1)  The  extent  of 
the  original  loss  of  bone  ;  (2)  The  degree  of  subsequent  sepsis  ;  (3)  Accurate  reduction 
of  the  deformity  ;   (4)  Complete  division  of  the  sciatic  nerve. 

In  one  case  of  simple  fracture  of  the  femur  in  the  lower  third,  firm  union  in  faulty 
position  was  present  at  the  time  of  admission  on  the  25th  day,  and  resisted  all  efforts  at 
correction  under  an  anaesthetic.  In  this  patient  there  was  also  a  simple  fracture  of  the 
radius,  -with  synostosis  to  the  ulna  in  pronation.  At  an  open  operation  to  correct  the 
latter,  firm  union  was  found  to  be  present. 

In  compound  fractures  where  the  destruction  of  the  bone  has  not  been  great  and 
sepsis  is  slight,  firm  union  results  in  7  to  10  weeks.  Union  occurs  more  rapidly  in  the 
lower  third  than  in  the  upjjer  third,  and  slowest  of  all  in  the  neck.  In  cases  where  the 
shaft  of  the  bone  has  been  completely  destroyed  for  two  to  three  inches,  15  to  20  weeks 
or  longer  may  elapse  before  union  occurs. 

The  proportion  of  cases  in  which  non-union  occurs  is  probably  not  greater  than  1  per 
cent,  it  being  of  course  understood  that  cases  with  total 
loss  of  the  shaft  of  more  than  four  or  five  inches  have 
usually  been  amputated  at  a  casualty  clearing  station. 
It  sometimes  hap|)ens  that  a  case  which  is  apparently 
firmly  united  when  examined  on  the  splint,  shows 
evidence  of  yielding  or  bending  of  the  callus  when  the 
splint  is  removed  and  extension  relaxed.  This  is  more 
likely  to  occur  when  the  fracture  has  not  been  accurately 
reduced.  Usually  for  the  first  few  days  after  the  ex- 
tension has  l)een  removed  the  limb  is  retained  in  the 
splint   by  a   bandage. 

WALKING     CALIPER    SPLINT. 

Unless  military  reasons  prevent,  each  patient  is 
retained  until  he  has  been  able  to  walk  comfortably  for 
two  or  three  weeks  on  a  walking  caliper  splint  {Fig.  328). 
For  10  to  14  days  before  the  splint  is  fitted,  the  limb 
is  allowed  to  rest  free  in  bed  supported  between  sand- 
bags. During  this  period  massage  is  carried  out  and  the 
patient  performs  systematic  movements. 

Measuring  and  Fitting. — An  ordinary-  Thomas  knee- 
splint  is  taken,  the  ring  of  which  fits  the  thigh  closely. 
One  of  the  stock  sizes  can  generally  be  used,  and  the 
fit  should  be  such  that  when  the  ring  of  the  splint  is 
pushed  home  against  the  tuber  ischii  the  fingers  can 
just  be  inserted  between  the  thigh  and  the  ring  of  the 
splint  in  front.  A  stock  size  can  be  readily  altered  if 
necessan,'. 

With  the  spHnt  accurately  applied  and  firmly  pushed  home  against  the  tuber  ischii, 
and  the  foot  at  right  angles  to  the  leg,  a  point  is  marked  on  each  side-bar  at  the  level  of 
the  sole  of  the  foot.     A  second  mark  is  made  on  each  bar  li  in.  below  this,  and  a  third  mark 


FIG.  328.— Patient  fitted  with  waiting 
caliper  splint. 
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1\  in.  Iwlow  the  second,  and  the  bars  cut  throujjh  liere.  The  cut  ends  of  the  bars  are  turned 
in  at  rifjlit  anjiles  at  tiie  second  mark,  so  that  they  come  into  direct  apposition.  The 
patient  is  fitted  with  a  pair  of  army  boots.  Tlie  heel  of  the  boot  on  the  fractured  side 
is  tunnelled  obliquely  from  side  to  side.  In  this  tunnel  a  metal  tube  is  fitted  which  just 
admits  the  inturned  ends  of  the  side-bars.  The  obliquity  is  such  that  the  hole  on  the 
outer  side  lies  1  in.  in  advance  of  that  on  the  inner  side.  This  ensures  that  the  toes  are 
turned  out  in  walking.  The  heel  of  the  boot  on  the  sound  side  is  built  up  1  in.,  and 
transverse  leather  strips  are  fixed  to  the  soles  of  each  boot  to  lessen  the  risk  of  sli{)pin<j. 
The  limb  is  firmly  supported  in  the  splint  by  strips  of  i)erforated  zinc  and  banda<>in<>;. 
Care  should  be  taken  that  weight  is  not  transmitted  through  the  patient's  limb. 
This  may  occur  from  the  ring  of  the  splint  slipping  over  the  tuber  ischii.     This  tendency 
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Fig.  329. — -Track  and  steps  for  initial  attempts  at  walking. 


may  usually  be  corrected  by  slightly  flattening  and  turning  over  the  padding  of  the  ring 
in  contact  with  the  tuber  ischii,  so  as  to  present  a  broader,  flatter  surface.  In  some  cases 
the  side-bars  of  the  splint  may  be  turned  in  1  in.  or  even  |  in.  below  the  level  of  the  sole 
of  the  foot. 

Careful  watch  must  be  made  that  yielding  of  the  callus  does  not  take  place  during 
the  initial  attempts  at  walking.  This  is  more  liable  to  occur  where  union  has  taken  place 
in  faulty  position,  or  where  there  has  been  considerable  sepsis.  In  one  of  the  wards  a 
training  track  has  been  laid  down,  and  on  this  patients  make  their  first  attempts  at 
walking.  On  each  side  of  a  10-yard  strip  of  ordinary  coir  matting  is  a  hand-rail 
suspended  from  the  roof.  The  patient  is  thus  able  to  practise  walking  himself  without 
the  aid  of  crutches  or  an  orderly.  There  is  also  a  small  flight  of  matting-covered  stei)s 
on  which  the  patient  practises  going  up  and  down  stairs  {Fig.  329). 
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THE    OPERATIVE    TREATMENT    OF    RUPTURED    INTERNAL 
LATERAL    LIGAMENT    OF    THE    KNEE. 

By  Captain   T.   P.   McMURRAY,   R.A.M.C. 
Alder  Hey  Orthopaedic  Ilospittd,  Liverpool. 

The  internal  lateral  ligament  of  the  knee  is  a  large  complex  structure  which  forms 
the  inner  aspect  of  the  capsule  of  the  knee-joint,  of  which  it  is  in  reality  only  a 
thickening.  It  is  usually  described  as  consisting  of  two  definite  and  distinct  portions, 
a  long  outer  or  superficial  portion,  and  a  short  inner  or  deep  portion  ;  but  these  two 
apparently   separate   structures   are   only   different    parts   of  the   same   ligament. 

It  consists  of  a  large  bundle  of  fibres  which  run  from  the  femur  almost  vertically 
down  to  the  tibia.  The  longer  fibres  are  inserted  at  the  femoral  end  into  a  small 
depression  on  the  inner  aspect  of  the  femur  just  below  the  adductor  tubercle,  and  at 
the  other  end  into  a  wider  area  on  the  inner  aspect  of  the  shaft  of  the  tibia  about 
one  inch  below  the  level  of  the  knee-joint.  The  deeper  short  fibres  are  inserted,  like 
the  superficial,  into  both  the  femur  and  the  tibia,  close  to  the  articular  edges  of  the 
bones,  and  in  addition  have  an  attachment  to  the  flat  inner  surface  of  the  internal 
semilunar  cartilage.  This  attachment  of  the  internal  lateral  ligament  to  the  internal 
semilunar  cartilage  renders  the  ligament  much  more  complicated  in  its  structure 
and  in  its  action  than  is  the  case  with  the  external  lateral  ligament,  which  is  only 
attached  to  the  femur  and  to  the  head  of  the  fibula,  and  has  no  attachment  to  the 
external  semilunar  cartilage. 

In  order  to  understand  the  action  and  injuries  of  the  internal  lateral  ligament,  it 
is  necessar\'  to  comprehend  clearly  its  structure  and  points  of  attachment,  especially  of 
the  deeper  portion,  because  on  this  depends  largely  the  occurrence  of  complications 
in  injuries  of  the  ligament.  The  deep  portion  is  attached  above  to  the  lower  end  of  the 
femur  and  below  to  the  upper  end  of  the  tibia,  in  each  case  close  to  the  articular 
surface  and  in  combination  with  the  capsule  of  the  joint.  In  its  course  it  is  attached, 
in  association  with  the  capsule,  to  the  inner  flat  aspect  of  the  internal  semilunar 
cartilage  ;  but  the  length  of  the  ligament  between  its  attachment  to  the  femur  and 
the  cartilage  is  not  the  same  as  that  between  its  attachment  to  the  tibia  and  the 
cartilage. 

The  internal  semilunar  cartilage  is  closely  bound  down  to  the  head  of  the  tibia 
by  its  anterior  and  posterior  cornua,  and  attached  round  its  outer  border  by  the  cap- 
sule and  by  the  internal  lateral  ligament,  so  that  in  any  movement  of  the  knee-joint 
the  cartilage  moves  in  conjunction  wth  the  head  of  the  tibia,  and  only  the  very 
slightest  amount  of  movement  is  present  between  these  two  structures,  except  in  the 
case  of  an  internal  derangement  of  the  knee-joint.  Between  the  cartilage  and  the  femur, 
however,  there  is  movement  on  any  change  of  position  of  the  joint,  so  that  the  portion 
of  the  ligament  between  the  femur  and  the  cartilage  must  necessarily  be  longer  than 
would  be  necessary'  to  bridge  the  space  between  these  two  structures  when  the  joint 
is  at  rest. 

WTien  the  knee-joint  is  fully  extended,  both  parts  of  the  internal  lateral  ligament  are 
tense,  so  that  no  lateral  mobility  can  be  obtained  in  the  normal  joint.  If,  however,  the 
joint  is  flexed  to  any  degree,  lateral  mobility  can  be  obtained,  and  this  yielding 
takes  place  in  the  internal  lateral  ligament  above  its  attachment  to  the  internal  semi- 
lunar cartilage.  Similarly,  any  strain  of  the  internal  lateral  ligament — whether  direct 
along  the   course   of  the   fibres,  following  pressure  applied   on  the  outer  aspect   of  the 
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knee,  and  so  forcinj;  open  the  joint  on  its  inner  side,  or  laterally  by  twisting  of  the 
joint — comes  on  tlie  part  of  the  ligament  above  the  cartilage  to  a  much  greater  degree 
than  on  that  below. 

The  internal  lateral  ligament  is  usually  injured  in  one  or  other  of  the  above  ways. 
Thus,  a  blow  on  the  outer  aspect  of  the  fully  extended  knee  may  cause  partial  or, 
it  may  be,  complete  rupture  of  the  ligament.  When,  on  the  other  hand,  the  knee 
iS  flexed,  direct  violence  on  the  outer  aspect  of  the  knee  does  not  cause  so  great  an 
injury  as  when  the  joint  is  extended,  because  the  ligament  is  lax  and  can  yield  to  the 
force  further  than  when  it  is  tense  with  the  knee  extended.  When  the  ligament  is 
injured  with  the  knee-joint  in  the  straight  position,  the  rupture,  whether  partial  or 
complete,  almost  always  occurs  between  the  attachment  to  the  femur  and  to  the 
internal  semihmar  cartilage,  so  that  the  cartilage,  which  remains  closely  attached  to 
the  head  of  the  tibia,  is  never  displaced  by  this  injury. 

On  the  other  hand,  a  lateral  twist  of  the  joint,  especially  with  the  knee  semiflexed, 
first  puts  tension  on  the  upper  portion  between  its  femoral  and  semilunar  attachments, 
and  the  lateral  pull  comes  on  the  attachments  to  the  cartilage  and  to  the  fenuir. 
With  the  knee  straight,  the  strain  on  the  ligament  is  taken  by  the  femoral  and 
the  tibial  attachments,  but  with  the  knee  flexed,  the  lower  part  of  the  leg  is  at  a 
different  angle  to  the  upper,  and  thus  the  strain  comes  entirely  on  the  cartilaginous 
attachment.  This  is  accompanied  by  a  rotation  of  the  femur  on  the  tibia  which 
tends  to  force  the  cartilage  from  its  attachment;  so  that  the  result  is  usually  a 
displacement  6f  the  internal  semilunar  cartilage,  with  or  without  a  rupture  of  the 
internal  lateral  ligament. 

In  any  case  of  injury  or  strain  of  the  knee-joint,  the  history  of  the  case,  if  care- 
fully taken,  will  usually  reveal  in  what  direction  the  strain  on  the  joint  came,  whether 
from  the  inner  or  outer  side,  and  whether  direct  or  associated  with  a  rotation  of  the 
bones  on  one  another. 

Laxity  or  rupture  of  the  internal  lateral  ligament  is  easily  diagnosed  by  the 
power  of  abduction  of  the  leg  on  the  fully  extended  thigh,  and  if  this  is  present,  the 
history  and  clinical  syndrome  should  be  very  carefully  studied  in  order  to  see  whether 
or  not  this  rupture  is  associated  with  some  internal  derangement  of  the  joint.  It  is 
frequently  difficult  to  decide  the  point  definitely,  because  in  many  cases,  owing  to  the 
laxity  of  the  ligament,  a  fold  of  capsule  may  become  invaginated  between  the  bones, 
and  symptoms  and  signs  very  similar  to  those  of  a  displaced  cartilage  are  thus 
caused.  When  rupture  of  the  internal  lateral  ligament  existSj  associated  derangement 
of  the  knee-joint  should  only  be  diagnosed  in  the  presence  of  clear  and  unmistakable 
signs  of  this  derangement,  because  removal  of  the  internal  semilunar  cartilage,  which 
is  frequently  done  in  these  cases,  aggravates  rather  than  relieves  the  condition. 

Cases  of  rupture  of  the  internal  lateral  ligament  are  frequently  seen  in  our  hospi- 
tals, both  military  and  civilian,  and  varying  treatments  of  the  condition  are  given  by 
different  surgeons  ;  but  generally  the  result  is  not  satisfactory,  and  some  form  of 
apparatus  to  support  the  knee-joint  is  usually  applied  either  before  or  after  operation. 

The  operation  usually  performed  consists  in  shortening  the  ligament,  with  or  with- 
out a  pleating  over  it  of  the  fascia  covering  the  knee-joint.  This  operation  often 
results  in  some  temporary  benefit  to  the  patient  ;  but  the  strain  of  body-weight  which 
is  constantly  being  thrown  on  the  weakened  ligament  is  usually  sufficient  in  a  few 
months  completely  to  reproduce  the  laxity,  rendering  necessary  some  form  of  apparatus 
which  will  more  or  less  perfectly  support  the  inner  aspect  of  the  knee-joint. 

It  was  in  order  to  correct  this  unfortunate  state  of  affairs  that  the  following 
operation  was  devised  in  consultation  with  Sir  Robert  Jones,  and  it  has  now  been 
performed  by  me  in  10  cases  with  very  satisfactory  results  and  the  complete  removal 
of  the  necessity  for  any  apparatus.  These  results  have  lasted  in  one  case  for  twenty- 
eight  and  in  another  for  twenty-five  months. 

The  treatment  given  depends  on  whether  the  lesion  of  the  internal  lateral  liga- 
ment is  the  only  abnormality  present  in  the  joint,  or  whether  there  is  in  association 
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with  it  a  displacement  of  the  internal  semilunar  cartilage — that  is,  on  whether  the 
rupture  of  the  ligament  has  occurred  above  or  below  its  attachment  to  the  cartilage. 
If  there  is  no  doubt  that  the  latter  has  been  detached  from  its  insertion  into  the 
upper  end  of  the  tibia,  it  should  first  be  removed  through  the  ordinary  antero-intemal 
incision  before  the  treatment   of  the  ruptured  ligament   is  attempted.. 

Before  considering  the  operative  treatment  of  the  condition,  it  is  necessary  to 
fully  understand  the  mechanics  of  the  internal  lateral  ligament  in  its  relation  to  the 
knee-joint  and  the  variations  of  tension  which  it  undergoes  in  different  positions  of 
the  joint.      When  the  knee-joint  is  fully  extended  (Fig.  330),  all  the  fibres  of  the  liga- 


FlG.'*  330. — Showiiis  the  relation  of  internal 
lateral  lisament  to  tendons  on  inner  side  of  normal 
extended  knee. 


FIG.  331. 


-Showing  laxitr  of  internal  lateral  ligament 
caused  by  flexion  of  the  knee. 


ment  "^are  in  tension,  so  that  no  abduction  of  the  leg  on  the  thigh  is  permitted  in  the 
normal  joint.  ^Mien,  however,  the  knee-joint  is  flexed,  the  ligament  becomes  lax 
both  in  the  superficial  and  deep  portions  (Fig.  331).  The  reason  of  this  is  that 
the  distance  between  the  femoral  insertion  of  the  internal  lateral  ligament  and  the 
lower  articular  surface  of  the  bone  is  greater  in  the  vertical  than  in  any  other  direc- 
tion, while  on  flexion  of  the  knee-joint  the  femoral  insertion  is  brought  downwards 
and  backwards,  so  that  the  distance  between  the  femoral  and  tibial  insertions  is 
thereby  diminished. 

Operation. — This  is  performed  with  the  leg  Ijing  on  its  outer  side  and  the  knee 
flexed  to  an  angle  of  35  or  40  degrees,  so  that  the  ligament  is  in  the  relaxed  condi- 
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tion  and  can  thus  be  more  successfully  tightened.  A  slightly-curved  incision,  convex 
posteriorly,  is  made  from  three  or  four  niches  above  the  adductor  tubercle  to  one 
inch  below  the  tibial  insertion  of  the  internal  lateral  ligament.  The  anterior  flap  is 
reflected  forward,  and  this  discloses  all  the  structures  on  the  inner  aspect  of  the 
joint.  Directly  in  the  middle  of  the  operation  wound  is  the  loose  ligament,  which 
can  easily  be  demonstrated  in  its  entirety.  Lying  slightly  posterior  to  the  joint,  and 
held  back  by  the  fascia  which  covers  it,  is  the  sartorius  tendon,  lying  close  to  the 
semitendinosus  and  gracilis.  The  fascia  which  secures  the  sartorius  in  its  normal 
posterior  position  should  be  divided  along  the  whole  extent  of  the  operative  incision, 
so   that  the  tendon  can  now  be  freely  advanced  {Fig.  332). 


FlO.  332. — Sartorius  tendon  freed  from  fascia  and  brought 
forward  over  tlie  internal  lateral  ligament. 


FIG.  333. — Sartorius  tendon  placed  in  position  in 
groove  in  femur  between  the  split  upper  end  of  iiitcriiul 
lateral  ligament. 


The  femoral  insertion  of  the  internal  lateral  ligament  is  now  clearly  defined,  a 
vertical  slit  about  one  and  a  half  inches  long  is  made  through  it  down  to  the  bone, 
and  through  this  slit  a  small  vertical  wedge  of  bone  is  removed  from  the  femur, 
large  enough  to  admit  of  the  sartorius  being  placed  into  it  (Fig.  333).  This  removal 
of  bone  is  accomplished  without  interfering  to  any  extent  with  the  attachment  of  the 
ligament  to  the  femur,  so  that  no  further  weakening  of  the  ligament  is  caused  by  it. 

The  sartorius  tendon  is  now  pulled  forward  and  laid  in  the  groove  in  the  femur 
in  such  a  manner  that  the  portion  of  the  tendon  between  the  femur  and  the  tibia  is 
quite  tight  (Fig.  333),  and  it  is  then  sewn  firmly  into  the  groove  by  stitches  passing 
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through  the  periosteum  and  the  ligamentous  insertion.  When  this  has  been  accom- 
plished successfully,  the  outer  asf)ect  of  the  internal  lateral  ligament  is  first  scarified, 
and  then  the  ligament  is  tightened  up  in  the  usual  manner  by  suturing  adjacent 
portions   of  the   scarified   surface  together. 

The  fascia  is  now  sutured  along  the  line  of  incision,  and  skin  sutures  complete 
the  closure  of  the  operation  wound.  The  knee  should  then  be  retained  in  the  semi- 
flexed position  by  means  of  splints  or  plaster  for  the  next  three  months,  when  it  will 
be  found  that  full  extension  of  the  leg  will  be  secured  in  the  course  of  two  or  three 
weeks. 

The  success  of  the  operation  depends  on  keeping  the  knee  in  the  flexed  position 
during  the  whole  course  of  the  procedure,  and  the  subsequent  retention  of  this  position 
during  the  minimum  period  of  three  months,  in  order  to  prevent  stretching  at  the 
new  insertion,  which  will  undoubtedly  occur  if  strain  is  allowed  to  fall  on  it  before 
this  interval  has  elapsed. 

The  operation  results  in  changing  the  insertion  of  the  sartorius  from  the  inner 
aspect  of  the  upper  end  of  the  tibia  to  the  inner  aspect  of  the  lower  end  of  the 
femur,  and  with  an  active  quadriceps  it  interferes  with  no  action  of  the  knee-joint. 
The  normal  action  of  the  sartorius  is  external  rotation  of  the  thigh  and  slight 
extension  of  the  leg  on  the  externally  rotated  thigh.  This  action  is  well  seen  in 
cases  of  infantile  paralysis  where  the  quadriceps  is  paralyzed  but  the  sartorius  is 
acting.  On  attempting  to  straighten  the  leg  or  the  thigh,  the  whole  leg  and  thigh  are 
first  rotated  outward,  owing  to  the  position  of  the  tendon  of  the  sartorius,  which  lies 
behind  the  internal  condyle  of  the  femur  and  pushes  this  asjject  of  the  lower  end  of 
the  femur  forward ;  further  action  of  the  muscle  produces  a  very  weak  extension  of  the 
leg  in  this  position.  This  action  of  the  sartorius  is  duplicated  by  the  external  rotators 
of  the  thigh  inserted  into  the  great  trochanter  of  the  femur,  and  by  the  very  much 
stronger  extension  action  of  the  quadriceps.  Indeed  the  power  of  external  rotation  of 
the  thigh  is  in  no  degree  diminished  owing  to  the  insertion  into  the  inner  aspect  of 
the  femur,  so  that  the  normal  movements  of  the  leg  and  thigh  may  be  said  to  be 
left  entirely  as  they  were  before. 
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A   PROCEDURE    FOR  AVOIDING    COLOSTOMY   AND    COLECTOMY. 

By    a.    REXDLE    SHORT,    Bristol. 


One  of  the  commonest  causes  of  acute  intestinal  obstruction  demanding  immediate 
operation  is  a  carcinoma  of  the  caecum  or  colon.  My  procedure  in  dealing  with  such 
cases  has  changed  more  than  once.  There  was  a  period  when  I  performed  a  right 
colostomy  or  ca;costomy,  unless  the  caecum  itself  was  involved.  The  only  merit  of 
this  operation  is  the  ease  with  which  it  can  be  carried  out  ;  it  leaves  the  patient  with 
what  will  often  be  a  permanent  artificial  anus,  which  will  be  a  perpetual  source  of 
annoyance  to  him.  The  great  majority  of  these  sufferers  would  far  prefer  the  slight 
additional  risk  at  the  time  of  the  operation  involved  in  substituting  short-circuiting  for 

an  artificial  anus.  My  next  procedure  was 
to  perform  lateral  ileosigmoidostomy  with 
a  Murphy  button.  This  was  often  satis- 
factory, but  by  no  means  always  so.  In 
two  out  of  three  cases  there  followed  great 
and  lasting  distention  of  the  colon  with 
gas  and  faeces,  giving  rise  to  much  dis- 
comfort ;  and  one  patient  died  on  the 
twenty-seventh  day  with  gradually  increas- 
ing distention  and  occasional  vomiting  in 
spite  of  regular  evacuation  of  the  bowels. 
The  distention  is  no  doubt  due  to  the  fact 
that  gas  and  faeces  pass  the  intestinal 
anastomosis  into  the  caecum,  and  are 
trapped  between  the  ileocaecal  valve  and 
the  cancer. 

This   experience    raised    the    question 
of  an  end-to-side  ileosigmoidostomy,  with 
division  of  the  ileum.      It  is  well  known, 
however,    that   this    is   unsatisfactory,   the 
colon  and  caecum  becoming  filled  with  gas 
and    faeces    by  retrograde  peristalsis  from 
the  site  of   the   anastomosis   ("  anastalsis  ' 
of  American  writers).      I  therefore  deter- 
mined to  bring    out    the   distal   stump   of 
the  ileum  in  the  wound,  for  two  reasons  : 
firstly,    by   passing   a   catheter  through  it 
into  the  caecum,   the  gas  could  be  drawn 
off  ;    secondly,  a  wash  out  of  warm  water,  containing  an  ounce  or  two  of  a  magnesium 
sulphate   mixture,   could    be  given  through  the   catheter,  which  would  effectually    clear 
the  bowel  (Fig.  334). 

The  technique,  therefore,  is   as  follows  in  a  case  of  Acute  Intestinal  Obstruction  due 
to  Carcinoma  of  Ccecum  or  Colon  : 

1.  Median  laparotomy.      Verify  diagnosis. 

2.  Division  of  ileum  about  four  inches  from  ileocaecal  valve. 

3.  Incision  two  or  three  inches  deep  in  mesentery  of  ileum.      Haemostasis. 

4.  Trendelenburg   position. 


Fig.  3.34. — Diajn-am  of  eiid-to-side  ileosifjmoidostomy, 
with  divLsion  of  the  ileum,  the  distal  end  bein«  broim'ht 
cat  into  the  wound. 
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5.  Proximal  end  of  ileum  united  by  end-to-side  anastomosis  with  Murphy's  button 

to  peKie  colon,  as  high  as  possible  (without  going  too  near  the  cancer). 

6.  Closure  of  abdomen  in  two  layers  ;    distal  stump  of  ileum,  with  catgut  ligature 

tied  round  the  end,  brought  out  in  middle  of  wound. 

If  the  omega  loop  of  pehic  colon  is  long  and  large,  the  operation  is  rapid  and 
easy,  and  the  Trendelenburg  position  is  not  needed.  If  the  cancer  is  within  two  inches 
of  the  reflection  of  the  peritoneal  floor  of  the  pehns  from  the  front  of  the  junction  of 
pehic  colon  and  rectum,  the  operation  is  impossible.  With  the  aid  of  the  Trendelen- 
burg position  and  Murphy's  button  one  can  make  an  anastomosis  in  many  cases  where 
the  available  pelvic  colon  is  so  low  down  and  so  tight  that  the  operation  would  be 
impossible  without  their  aid. 

I  am  strongly  prejudiced  against  the  use  of  a  Murphy  button  for  a  small-intestine 
anastomosis,  because  it  may  block  the  bowel  when  it  passes  on  ;  also  for  a '  large- 
intestine  anastomosis,  because  it  may  itself  be  blocked  by  hard  faeces.  Its  use  at  an 
ileocoUc  junction  is  free  from  both  these  objections. 

Some  of  my  patients  have  been  troubled  with  vomiting  for  two  or  three  days 
after  the  operation  ;  this  may  be  relieved  by  giving  pituitar\'  extract  or  physostigmine 
salicylate,  or  by  a  dose  of  croton  oil  and  a  wash-out  through  the  ileal  stump  into  the 
caecum  in  a  really  troublesome  case.  These  methods  were  successful  on  each  occasion. 
Most  of  the  patients  get  a  transient  diarrhoea  from  deficient  absorption  of  water  in 
the  pehic  colon  and  rectum.     This  is  treated  by  a  few  doses  of  tincture  of  opium. 

The  ileal  stump  does  not  discharge  pro\ided  the  opening  is  flush  with  the  skin. 

After  using  the  technique  above  described  for  patients  with  acute  obstruction,  I 
had  a  succession  of  cases  in  which  abdominal  exploration  for  grave  symptoms  (persist- 
ent pain  and  complete  invalidism  after  appendicectomy  ;  symptoms  suggesting  cancer 
of  the  colon ;  prolonged  incessant  vomiting ;  symptoms  somewhat  indicative  of 
ureteral  calculus)  revealed  the  condition  variously  described  as  visceroptosis,  chronic 
intestinal  stasis,  or  caecum  mobile :  that  is  to  say,  a  marked  ileal  kink,  with  firm 
adhesions  binding  down  the  ileum  a  few  inches  from  the  ileocaecal  valve,  a  very  large, 
mobile,  dropped  caecum,  Jackson's  pericolic  membrane,  sagging  transverse  colon,  adhe- 
sions slinging  up  the  pelvic  colon,  and  movable  kidney.  There  are  grave  objections 
to  all  the  recognized  methods  of  dealing  with  these  cases.  Ileosigmoidostomy  alone 
leads  to  great  trouble  from  retrograde  peristalsis  filling  the  colon  and  caecum  with  gas 
and  faeces.  Colectomy  is,  except  in  the  hands  of  one  or  two,  a  dangerous  operation. 
Di\ision  of  the  bands  is  not  curative,  and  may  lead  to  fatal  peritonitis  from  soakage 
through  of  intestinal  bacteria.  Caecoplication  succeeds  well  when  only  the  caecum  is 
at  fault,  but  not  when  the  ileum,  transverse  colon,  and  pehic  colon  are  also  involved. 
I  therefore  used  the  same  technique  which  had  served  me  so  well  in  obstruction,  except 
that,  time  being  less  urgent  and  abundance  of  pehic  colon  available,  I  did  not  make 
the  anastomosis  by  means  of  a  Murphy  button,  but  by  suturing  in  the  ordinary  way 
over  a  rubber  tube  placed  in  the  lumen  to  avoid  kinking. 

Three  of  the  four  cases  appear  to  be  completely  relieved  of  their  symptoms,  and 
the  fourth,  though  very-  neurotic  and  an  invalid  of  many  years"  standing,  is  greatly 
improved.  I  promised  in  each  case  to  close  the  ileal  safety-valve  in  six  months  if 
desired,  but   it  does  not   appear  to  give  them  much  trouble. 

I  obser\-ed  a  day  or  two  ago  that  a  somewhat  similar  technique  is  employed  by 
Ochsner  in  America,  instead  of  colectomy.* 

Brief  notes  are  appended  of  the  four  cases  in  which  the  operation  was  j>erformed 
for  dropped  dilated  caecum  with  ileal  idnk,  to  show  the  type  of  symptoms  for  which  I 
have  thought  it  worth  while  to  operate.  I  do  not  advise  this  procedure  merely  for 
constipation,  or  for  distant  lesions  attributed  to  toxaemia. 

*  OcHSXER,  Annala  of  Surgery,   1917,   October,    p.    443. 
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Case  1. — Woman,  a<;c  ."JO,  sent  by  Dr.  liarber.  History  of  pain  in  rijflit  iliac  fossa  for 
nearly  two  years  ;  lias  spent  many  weeks  in  bed  for  it.  Appendix  removed  six  months 
before  admission  without  benefit  (the  appendix  was  practically  normal,  except  that  it  was  very 
slender).  At  the  same  time  a  Jackson's  pericolic  membrane  was  divided.  There  has  been 
continuous  pain  ever  since,  with  constipation,  and  patient  is  a  neurotic  bedridden  invalid. 
Temj>erature  l(K)-5^,  pulse  144.  Ileosigmoidostomy  performed  by  teclinifjue  described  on 
April  12,  1917.  Ciccum  was  very  larjie  and  droj)j)ed  into  the  pelvis  ;  .Jackson's  pericolic 
membrane   present  ;     transverse  colon  sagged  down  into  the  pelvis. 

At  the  present  time  patient  is  a  great  deal  better,  but  still  unable  to  do  much  work. 

Case  2. — Man,  age  4.8,  sent  by  Dr.  Hawkins.  History  of  great  loss  of  flesh  (has  lost  S 
stone),  colicky  abdominal  pain,  and  constipation,  of  some  years'  standing.  Patient  was  much 
emaciated  ;  visible  peristalsis  was  present  ;  there  was  no  free  HCl  in  gastric  juice  ;  insmuth 
skiagraphy  showed  general  delay.  Diagnosed  as  cancer  of  the  colon.  Explored  March  2(5,  1918. 
No  growth  present,  but  caecum  large  and  dropped,  Jackson's  pericolic  membrane,  typical  Lane's 
ileal  kink,  appendix  slung  up  by  a  band. 

At  the  present  time  patient  is  greatly  improved,  and  has  been  free  from  all  pain  ever 
since  the  operation.  At  first  it  was  necessary  to  wash  out  through  the  ileum,  but  not  after 
he  left  the  infirmary. 

Case  3. — Man,  age  37,  sent  by  Dr.  Fortescue-Brickdale.  Patient  was  taken  ill  in 
February,  1917,  and  was  invalided  out  of  the  Army  for  abdominal  pain  and  vomiting.  In 
July  the  abdomen  was  explored  by  a  surgeon  and  nothing  found.  He  has  lost  3  stone  in 
weight,  and  has  now  been  vomiting  every  day  for  weeks  in  spite  of  all  treatment,  and  his 
life  is  obviously  in  danger.  No  abdominal  distention  ;  gastric  acidity  normal  ;  bismuth 
skiagraphy  shows  general  delay.  At  operation  on  April  16,  1918,  stomach  and  other  organs 
were  found  normal,  but  caecum  was  dropped  and  dilated,  Jackson's  pericolic  membrane 
present,  appendix  absent,  marked  ileal  kink  by  band  two  inches  from  ileocaecal  valve. 

The  patient  did  excellently  after  the  first  few  days,  during  which  time  it  was  necessary 
to  wash  through.  Too  much  protruding  ileum  was  left,  and  it  had  to  be  trimmed  under 
novocain  subsequently.      There  has  been  no  return  of  the  vomiting. 

Case  4. — Woman,  age  39,  sent  by  Dr.  Grossman.  History  of  pain  in  the  lower  left 
abdomen  two  years,  with  constipation  and  loss  of  flesh.  Has  lost  1  j  stone  in  eight  months. 
Skiagram  showed  what  was  diagnosed  as  a  ureteral  calculus,  though  before  seeing  this  I 
concluded  that  the  case  was  one  of  visceroptosis.  Both  kidneys  were  mobile.  On  exploration, 
July  9,  1918,  the  'ureteral  calculus'  proved  to  be  a  calcareous  mesenteric  gland.  The  pelvic 
colon  was  large,  and  slung  up  to  the  iliac  fossa  by  a  band  of  adhesions,  dragging  on  which 
caused  the  pain.  The  caecum  was  large  and  dropped.  There  was  a  well-marked  ileal  kink 
by  band.      The  transverse  colon  was  very  low. 

Patient's  pain  was  immediately  relieved  by  the  operation,  and  has  not  returned. 
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DISPLACEMENT    OF    THE    MANDIBULAR    MENISCUS 
AND    ITS    TREATMENT. 

By  J.   HOGARTH  PHIXGLE,  Glasgow 

Whilst  the  menisci  of  the  knee-joint  are  a  very  frequent  source  of  trouble,  the  articular 
disc  of  the  mandibular  articulation  is  so  only  on  quite  rare  occasions.  In  consequence, 
the  s\Tnptoms  of  the  latter  accident  are  probably  not  well  known,  whereas  those  of  the 
former  are  verj-  generally  recognized,  especially  by  the  members  of  that  class  of  the 
community  which  is  particularly  prone  to  be  affected  ;  so  much  so,  in  fact,  that  I  have 
now  and  then  thought  some  of  them  not  only  made  the  diagnosis,  but  the  symptoms  as 
well,  for  purposes  of  their  own. 

I  am  driven  to  the  belief  that  displacement  of  the  mandibular  disc  is  a  rare 
accident,  because,  after  personal  experience  of  it  on  several  occasions,  I  feel  convinced 
that  the  discomfort,  not  to  say  the  pain,  caused  by  the  occurrence  is  so  extreme,  that 
only  the  most  casual  individual  would  be  content  to  '  carry  on  *  without  endeavouring 
to  obtain  relief  in  some  way  or  other. 

As  in  the  knee-joint,  so  in  the  mandibular  articulation,  displacement  of  the  meniscus 
is  the  result  of  some  sudden  movement  of  the  joint,  such  as  is  constantly  being  made  by 
everv'one  without  any  untoward  effect  ;  so  that  the  rarity  of  the  accident  in  the  one  case 
compared  with  the  other  must  be  due  to  a  large  extent  to  the  difference  in  the  anatomical 
conformation  of  the  two  joints,  putting  aside  such  predisposing  causes  as  may  tend  to 
loosen  the  cartilage. 

In  the  knee-joint  each  meniscus  is  a  crescentic  structure  placed  at  the  periphery'  of 
a  very  shallow  concavity  ;  while  in  the  mandibular  joint  the  meniscus  is  a  dome-like, 
highly  concave  structure  closely  and  accurately  applied  to  the  convexity  of  the  condyle, 
which  may  be  described  as  a  segment  of  a  cylinder  having  a  quite  short  radius,  and  work- 
ing in  the  hollow  of  a  deep  fossa.  In  Quain's  Anatomy  the  disc  is  described  as  being 
"  of  oval  form,  broadest  transversely,  thickest  p>osteriorly,  and  thinnest  at  its  centre.'' 
This,  however,  does  not  appear  to  be  an  accurate  description.  Many  years  ago  I  paid  a 
good  deal  of  attention  to  this  disc,  and  examined  a  large  number  in  the  dissecting-room  ; 
and  more  recently  my  friend  Dr.  W.  K.  Hutton  most  kindly  allowed  me  to  see  the  mandi- 
bular articulation  in  a  considerable  number  of  subjects  at  Queen  Margaret  College.  What 
I  have  invariably  found  is  that  there  is  a  verj-  decided  central  thickening  of  the  disc, 
situated  in  its  coronal  plane  over  the  summit  of  the  condyle  {Figs.  335,  336).  In  front 
of  this  ridge  there  is  a  distinct  depression  in  the  disc,  which  fits  the  tuberculum  articulare 
of  the  temporal  bone  ;  while  below  this  and  anterior  to  it  there  is  a  second  thickening, 
which  forms  the  anterior  border  of  the  disc  and  has  the  external  pterygoid  muscle 
attached  to  its  lowest  part  (Figs.  336,  337).  These  two  thickenings,  with  the  inter- 
vening depression,  give  the  superior  surface  of  the  disc  its  tj'pical  concavo-convex  outline 
as  seen  from  the  lateral  aspect  (Fig.  335),  fitting  it  accurately  to  the  sinuous  articular 
surface  of  the  temporal  bone.  The  p>osterior  {>ortion  of  the  disc  tails  off  from  the  thick 
coronal  ridge,  and  King  in  close  contact  with  the  posterior  surface  of  the  condyle,  becomes 
lost  in  the  fibrous  tissues  of  the  capsule  of  the  joint. 

The  disc  divides  the  joint  into  two  cavities,  each  having  its  own  synovial  membrane. 
In  a  normal  joint  the  condyle  and  the  meniscus  move  together  in  all  positions  of  the 
joint  \\ith  a  gliding  movement  which  takes  place  in  the  superior  syno\ial  cavity  ; 
whereas  between  the  condyle  and  the  disc  itself  a  movement  of  rotation  takes  place  in 
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the  lower  cavity.  As  a  result  of  the  presence  of  the  two  cavities  the  movements 
between  the  mandible  and  the  temporal  bone  are  rendered  somewhat  complex. 

The  most  important  relation  of  the  disc,  in  view  of  its  displacement,  is  that  it  has 
attached  to  its  thickened  anterior  border  a  part  of  the  external  pteryj^oid  muscle  (Fig.s.  336 
and  337).  It  is,  I  believe,  due  to  overaction,  or  irregular  action,  on  the  j)art  of  this  muscle 
that  the  disc  gets  dragged  out  of  its  normal  position  and  the  symptoms  are  produced.  I 
call  it  'out  of  position,'  because  it  seems  most  improbable  that  any  tearing  of  this  disc 
can  ever  take  place.  Tearing  or  splitting  of  its  tissue  is  quite  commonly  the  cause  of  the 
symptoms  that  arise  in  connection  with  the  medial  meniscus  of  the  knee-joint ;  but  I  do 
not  know  of  any  record  of  the  mandibular  disc  having  been  either  torn  or  split  ;  the 
accident  is  almost  invariably  a  displacement. 

Method  of  Causation. — The  accident  is  the  consequence,  in  almost  every  instance, 
of  a  sudden  and  generally  excessive  action  in  closing  the  mouth,  such  as  occurs  in  the  free 
gratification  of  an  inclination  to  yawn  or  sneeze  ;  in  a  muscular  action  of  this  nature,  the 
external  pterygoid  muscle  may  do  just  a  little  too  much,  and,  as  I  suggest,  drag  the  disc 
askew.  It  may  be  the  result  of  a  violent  cough  ;  it  is  certain  that  this  can  happen  in 
the  case  of  a  person  who  has  once  had  one  of  his  discs  loosened  by  a  former  accident.     It 


FIG.  335. — Lateral  view  of  the  mandibular  condyle 
capi)ed  by  its  articular  disc,  to  show  the  sinuous  out- 
line of  the  latter  and  its  attachment  to  the  external 
l)terygoid  muscle,  x  2.  (Drawn  by  Mr.  A.  K.  Maxwell 
from  a  recent  specimen.) 


Fig.  336.— The  articular  disc  has  been  divided  in 
the  sapittal  plane,  and  one  half  oi  it  removed  to  show 
the  central  and  anterior  thickenin<»s  and  the  depression 
between  them  for  the  tuberculum  articulare.  The 
attachment  of  the  external  pterysjoid  jnuscle  to  the 
anterior  thickeninsr  of  the  disc  is  also  shown,  x  2. 
(Drawn  by  Mr.  A.  K.  Maxwell  from  a  recent  sjiecimen.) 


can  also  be  caused  by  a  comparatively  slight  blow  on  the  mandible  while  the  mouth  is 
open.  The  late  Professor  Annandale  recorded  one  case  produced  during  the  act  of 
vomiting.  I  have  seen  two  patients  who  attributed  their  disability  to  violent  tooth 
extraction  under  general  anaesthesia. 

Owing  to  the  comparative  rarity  of  these  cases,  one  cannot  say  definitely  what  actu- 
ally occurs  when  the  disc  is  displaced  ;  but  from  my  own  sensations  I  believe  that  it  gets 
dragged  askew — that  it  goes  forwards  and  inwards,  so  that  its  thick  central  ridge  becomes 
placed  obliquely  instead  of  lying  in  the  coronal  plane.  What  is  certain  is  that  after  dis- 
placement the  disc  acts  as  a  foreign  body  in  the  joint  :  either  it  gets  caught  between  the 
rolling  condyle  and  the  tuberculum  articulare  ;  or  it  continues  to  move  with  the  condyle, 
but  in  flexion  of  the  joint  the  condyle  and  the  abnormally-placed  disc  cannot  now  clear 
the  articular  eminence. 

Under  the  term  'subluxation  of  the  jaw,'  Sir  Astley  Cooper  described  what  appears 
to  be  the  same  condition.  In  his  great  Treatise  on  Dislocations,  p.  393,  he  wrote, 
"  as  in  the  knee  the  thigh-bone  is  sometimes  thrown  from  the  semilunar  cartilages,  so  the 
jaw  appears  to  occasionally  quit  the  interarticular  cartilage  of  the  temporal  cavity,  slip- 
ping before  its  edge  and  locking  the  joint  with  the  mouth  slightly  opened  "  ;  and  regarding 
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the  treatment,  he  says,  "  Force  for  removing  these  appearances  must  be  applied — to  give 
an  opportunity  for  the  cartilage  to  replace  itself  upon  the  rounded  extremity  of  the  condy- 
loid process."'  The  disc,  however,  is  so  closely  adapted  to  the  outline  of  the  condyle  that 
it  seems  to  me  impossible  that  the  latter  could  be  displaced  from  it.  A  comparatively 
slight  twist  of  the  axis  of  the  disc  would  bring  the  thick  coronal  ridge  into  such  a  position 
as  would  allow  it  to  lock  the  joint,  to  the  extent  that  the  upper  and  lower  teeth  on  the 
affected  side  could  not  be  brought  into  contact  so  long  as  it  remained  in  its  abnormal 
position. 

Symptoms. — When  the  accident  occurs  during  the  progress  of  a  full  and  satisfactory 
yawn,  for  example,  the  approximation  of  the  teeth  proceeds  violently  and  rapidlj', 
and  the  displaced  disc,  by  intervening  between  the  moving  condyle  and  the  temporal  bone. 


FIG.  337.^-Seotion  through  the  left  temporo-mandibular  articulation,  the  moutti  bein?  partly  open,  to  show 
the  shape  of  the  articular  disc,  and  the  attaclunent  of  the  externa!  pterrszoid  muscle  to  it. 

suddenly  and  abruptly  arrests  the  movement  of  elevation  which  the  mandible  is  making 
at  the  moment  ;  closure  of  the  jaws  is  prevented,  and  at  the  same  instant  the  subject  of 
the  accident  experiences  the  most  acute  pain  in  the  region  of  the  joint.  The  disc  is 
severely  crushed  between  the  condyle  and  the  temporal  bone,  and  the  tissues  around  the 
joint  are  much  overstretched,  precisely  as  occurs  in  a  knee-joint  when  one  of  the  menisci 
becomes  displaced. 

Having  recovered  from  the  initial  surprise  and  pain,  the  patient  discovers  that  if  he 
attempts  to  close  the  jaws,  the  teeth  on  the  affected  side  will  not  come  quite  together, 
and  that  any  attempt  to  force  them  into  contact  is  associated  with  severe  pain  at  the 
joint,  while  there  is  a  definite  feeling  of  a  something  which  prevents  the  joint  from  flexing 
completely.  If  the  disc  remains  in  its  abnormal  position,  mastication  is  rendered  diffi- 
cult from  the  beginning,  by  the  pain  it  induces  as  well  as  the  mechanical  obstruction 
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it  causes.  But  while  a  person  at  the  coinniencement  of  a  meal  has  {jrcat  (lillieulty  and 
pain  in  chewing,  the  movements  may  gradually  become  easier  and  less  painfuK  so  that 
by  the  end  of  the  meal  he  may  possibly  consider  that  everything  is  right.  An  hour  or  so 
later,  however,  the  pain  becomes  as  bad  as  ever,  and  is  aggravated  by  any  and  every 
movement  that  may  be  made  in  the  affected  joint.  The  explanation  is,  I  take  it,  that 
as  mastication  is  persisted  in,  the  disc  becomes  more  and  more  compressed,  only  to  expand 
again  when  the  joint  remains  at  comparative  rest  after  the  meal,  when  it  can  interfere 
once  more  with  the  movements  of  a  joint  now  rendered  tender  from  the  traumatism  to 
which  it  has  been  subjected  during  the  process  of  mastication.  Such  a  compression  and 
expansion  would  be  entirely  analogous  to  that  which  takes  place  in  the  intervertebral 
discs  as  the  result  of  the  superimposed  weight  during  the  erect  posture  and  its  removal 
when  a  person  resumes  the  horizontal  position.  Possibly  the  size  and  nature  of  the 
bolus  of  food  may  have  something  to  do  with  this  ;  a  large  and  rather  tough  one, 
which  prevents  the  complete  meeting  of  the  teeth  in  the  first  instance,  may  allow  the 
process  of  chewing  to  proceed  without  much  trouble,  by  permitting  a  gradual  com- 
pression of  the  disc,  and  therefore  a  gradual  approximation  of  the  mandible  to  the  maxilla  ; 
while  a  softer  bolus  would  permit  rapid  approximation,  and  so  induce  more  pain. 

To  a  certain  degree  the  pain  on  movement  may  be  due  to  effusion  into  the  joint  cavi- 
ties, but  it  is  in  the  main  caused  by  the  stretching  of  tissues  and  the  squeezing  of  the 
disc  ;  the  sensation  is  that  of  a  foreign  body  which  is  preventing  perfect  closure  of  the 
jaws.  No  doubt  effusion  takes  place  to  some  extent,  for  the  external  surface  of  the  joint 
becomes  tender  to  the  touch  ;  but  I  have  never  been  able  to  satisfy  myself  that  any 
swelling  was  present. 

In  addition  to  immediate  displacement  and  the  rather  characteristic  symptoms 
associated  with  it,  some  patients  are  liable  to  a  continually  recurring  displacement, 
which  is  not  so  acutely  painful,  but  is  yet  sufficiently  distressing  ;  the  disc,  or  disc  along 
with  the  condyle,  slips  in  and  out  of  position,  causing  pain  as  it  does  so,  while  at  the  same 
time  a  snap  or  crack  takes  place  in  the  joint  which  is  audible  to  the  patient,  and  some- 
times to  a  bystander  as  well.  This  noise  in  itself  may  be  a  source  of  much  annoyance  to 
the  sufferer. 

Method  of  Reduction. — The  first  time  I  experienced  the  effects  of  the  injury,  the 
disc.remained  out  of  position  for  several  days,  during  which  time  many  fruitless  attempts 
were  made  to  reduce  it.  I  managed  in  the  end  to  get  it  back  into  position  by  keeping 
up  hard  pressure  at  the  back  of  the  condyle  with  the  mouth  open,  and  slowly  closing  the 
jaw.  Since  then  I  have  always  succeeded  by  the  same  process,  although  it  sometimes 
requires  to  be  repeated  several  times  ;  the  moment  it  succeeds,  the  sensation  of  a 
foreign  body  in  the  joint  disappears  at  once. 

I  have  seen  four  patients  who  suffered  from  a  similar  condition.  Two  were  medical 
students,  and  they  at  once  appreciated  my  explanation  of  their  discomfort  when  I 
showed  them  how  to  get  rid  of  it.  The  other  two  patients  were  young  women  whose 
discomfort  resulted  from  the  extraction  of  teeth  under  general  anaesthesia.  In  one  of 
them  I  was  able  to  reduce  the  displacement,  and— for  a  long  period,  at  any  rate — the 
patient  remained  free  from  recurrence.  In  the  case  of  the  other,  whose  condition  was 
of  longer  standing,  although  I  was  able  to  effect  a  reduction  by  manipulation,  the  disc 
continued  to  slip,  and  her  state  was  rendered  so  miserable  in  consequence  that  she 
consented  to  an  operation. 

In  recurring  cases,  the  tissues,  ligaments,  muscles,  etc.,  around  the  joint  probably 
become  so  relaxed  that  it  is  impossible  to  maintain  the  disc  in  position,  and  it  'comes  out" 
whenever  the  patient  opens  the  mouth  widely.  For  these  patients  the  only  means  of 
treatment  is  by  operation. 

The  literature  of  this  subject  is  meagre  in  the  extreme  ;  the  only  cases  known  to  me 
are  those  recorded  by  the  late  Professor  Annandale  (Lancet,  1887,  vol.  i)  and  those  men- 
tioned by  Professor  Perthes  in  his  valuable  contribution  to  Deutsche  Chirurgie  on  the 
"  Injuries  and  Diseases  of  the  Jaw,"  which  appear  to  have  been  of  this  nature.  No 
method  of  reducing  the  displacement   by  manipulation  has  hitherto  been  published  to 
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my  knowledge.  Mr.  Annandale's  cases  were  both  recurrent  ones,  and  he  treated  them 
by  operation,  suturing  the  'loose'  disc  to  the  periosteum  ;  as  far  as  I  am  aware,  these 
are  the  only  cases  that  have  been  reported  in  which  operation  has  been  carried  out. 

I  have  only  seen  one  patient  whose  condition  was  sufficiently  bad  to  warrant  me  in 
advising  an  operation.  She  was  a  domestic  servant,  age  20,  and  was  first  seen  in  May, 
1910,  complaining  of  pain  and  a  loud  cracking  noise  in  the  left  mandibular  articulation, 
both  of  which  she  attributed  to  the  extraction  of  some  teeth  from  the  mandible  at  the 
beginning  of  that  year.  She  often  has  difficulty  in  closing  the  teeth  after  experiencing 
this  cracking  sensation.  The  pain  is  associated  with  the  cracking  noise  and  is  made 
worse  by  mastication.  She  says  she  feels  that  something  "comes  out'  in  the  left  joint  on 
these  occasions,  and  that  sometimes  it  'goes  in"  quite  suddenly,  and  then  she  is  at  once 
free  from  discomfort. 

It  was  very  obvious  that  some  object  was  in  an  abnormal  position  in  her  left  joint  ; 
the  cracking  sound  she  complained  of  could  be  distinctly  heard  when  she  closed  her  jaws, 
and  the  snap  was  associated  with  pain  which  made  her  wince.  This  noise,  as  a  finger 
placed  over  her  joint  at  once  appreciated,  was  due  to  the  fact  that  when  she  closed  her 
jaws  the  left  condyle  of  the  mandible  (or  the  condyle  with  its  disc)  'jumped'  some  object 
immediately  before  the  movement  was  completed.  I  was  able  to  reduce  the  displace- 
ment in  the  manner  already  described. 

She  was  seen  again  in  June.  1911.  The  left  joint  had  been  giving  her  a  great  deal 
of  trouble  again,  and  causing  much  pain  at  times.  The  tendency  for  the  disc  to  become 
displaced  had  become  much  greater,  and  it  had  caused  her  so  great  and  frequent  incon- 
venience that  she  had  been  obliged  to  give  up  her  situation  more  than  once  in  consequence, 
and  it  continually  interfered  with  her  taking  food.  She  was  quite  willing  to  have  an 
operation  for  the  condition.  She  thought  that  her  right  joint  had  recently  become  affected 
in  the  same  manner. 

On  June  12,  I  excised  the  disc  of  the  left  joint  ;  it  was  remarkably  loose,  and  could 
be  dragged  freely  over  the  condyle  in  whatever  position  we  placed  the  mandible.  The 
joint  surfaces  of  the  bones  did  not  show  any  abnormality  as  far  as  could  be  seen,  and 
certainly  nothing  like  what  one  would  expect  to  see  in  an  osteo-arthritis.  She  went  out 
with  the  wound  healed  on  June  26,  and  was  seen  from  time  to  time  up  to  May,  1913, 
when  she  said  she  was  free  from  pain  and  inconvenience  in  the  left  joint,  and  could 
take  food  with  comfort  again  ;  the  right  joint  had  only  verj'  occasionally  given  her  any 
trouble  since  she  was  ojjerated  upon. 
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SECONDARY    JEJUNAL    AND    GASTRO-JEJUNAL    ULCERATION. 

By  GARNETT  WRIGHT,  Manchester. 

The  occasional  occurrence  of  ulceration  of  the  jejunum  or  the  anastomosis  after  the 
operation  of  gastro-enterostomy  is  a  serious  drawback  to  an  otherwise  valuable  operation, 
and  this  is  esp>ecially  so  in  view  of  the  fact  that  the  complication  is  usually  more  serious 
and  entails  more  severe  operative  measures  than  the  original  condition  for  which  the 
gastro-enterostomy  was  done. 

I  have  met  with  three  examples  of  the  condition  in  the  past  twelve  months,  two  in 
patients  of  my  own,  and  one  in  the  patient  of  another  surgeon,  and  have  been  impressed 
by  the  gravity  and  intractability  of  this  troublesome  complication.  In  consequence, 
I  have  made  a  careful  study  of  the  literature,  in  the  hope  of  arriving  at  the  cause,  in  order 
to  minimize  the  risk  in  the  future. 

My  first  case  is  a  remarkable  one,  and  worthy  of  record  on  account  of  a  rare  patho- 
logical lesion  of  the  stomach,  in  addition  to  the  secondary  ulceration  which  followed  a 
gastro-enterostomy. 

Case  1  (No.  120*). — .1.  R.  C,  male,  age  32,  was  referred  to  me  by  a  medical  colleague  at  tlie 
.^ncoats  Hospital  in  September,  1910.  For  eighteen  months  he  had  had  pain  in  the  riglit  lower 
abdomen.  The  pain,  which  was  of  a  dull,  aching  character,  was  practically  continuous,  thouijh 
he  had  exacerbations  from  time  to  time.  One  such  outbreak  eight  months  before  had  lasted  four 
days.  There  was  no  constipation.  On  examination  of  the  patient,  nothing  was  discovered 
except  tenderness  on  deep  pressure  over  the  appendix. 

First  Operation,  Sept.  5,  1910. — A  diagnosis  of  chronic  appendicitis  was  made,  and  laparotomy 
through  a  MeBurney's  incision  was  performed,  a  long  appendix  containing  several  concretions 
being  removed.  A  red  mass  was  observed  in  the  centre  of  the  abdomen,  extending  downwards 
into  the  pelvis.  This  was  very  vascular,  and  began  to  bleed  when  touched  by  the  finger.  Accord- 
ingly the  MeBurney's  incision  was  closed,  and  the  abdomen  was  opened  in  the  middle  line.  The 
mass  proved  to  be  a  large  soft  tumour  occupying  the  greater  part  of  the  large  omentum.  It  was 
continuous  (by  a  pedicle  about  half  an  inch  in  diameter)  with  a  tumour  the  size  of  a  walnut  in  the 
greater  curvature  of  the  stomach.  The  vessels  on  the  greater  curvature  were  much  enlarged  to 
supply  the  tumour.  These  were  secured  on  each  side,  and  a  wedge  of  stomach  containing  the 
tumour  was  excised.  When  the  wedge  was  completed,  it  was  foimd  to  extend  entirely  across 
the  stomach.  The  tumour  of  the  omentum  and  stomach  was  removed,  and  the  divided  ends  of 
the  stomach  were  united.     The  abdomen  was  closed,  and  the  patient  made  an  uneventfid  recovery. 

The  specimen  removed  consists  of  a  portion  of  stomach,  with  a  tumour  originating  in  the 
submucous  coat  about  the  size  of  a  walnut.  The  mucous  membrane  is  intact  over  the  tumour. 
This  tumour  is  connected  by  a  pedicle  half  an  inch  in  diameter,  running  directly  from  the  greater 
curvature  (probably  along  a  blood-vessel)  to  a  large  tumour  seven  or  eight  inches  in  diameter  in 
the  great  omentum  ;  attached  to  the  lower  end  of  this  tumour  is  a  cyst  the  size  of  a  Tangerine 
orange.  The  hardened  specimen  has  been  sliced  to  show  the  naked-eye  characters  of  the  growth, 
which  has  the  curious  'marbled'  appearance  seen  in  hypernephromata.  Microscopically,  the 
growth  is  an  endothelioma. 

The  suljsequent  history  of  this  patient  is  remarkable.  He  consulted  me  once  or  twice  com- 
plaining of  indigestion.  The  symptoms  were  chiefly  pain  coming  on  immediately  after  food,  and 
sometimes  relieved  by  food,  and  a  great  deal  of  acidity  and  heartburn.  On  questioning  him  later, 
it  was  found  that  he  had  had  similar  indigestion  since  boyhood,  though  tliis  fact  was  not  elicited 
at  the  time.  He  had  no  vomiting  at  all  until  early  in  1916,  when  he  began  to  suffer  from  vomiting 
of  the  obstructive  type,  viz.,  large  quantities  at  a  time,  night  vomiting,  etc.  He  came  to  see  me 
early  in  May,  1916,  and  a  diagnosis  of  obstruction,  probably  at  the  site  of  the  old  operation,  was 
made. 

He  was  admitted  to  the  Salford  Royal  Hospital,  and  radiographic  examination  by  Dr.  Bythell 
showed  that  the  obstruction  was  at  the  pylorus. 

*  The  numbers  in  brackets  refer  to  the  List  of  Cases  at  the  end  of  the  paper. 
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Second  Operation,  May  6,  1916. — When  the  abdomen  was  opened,  the  stomach  was  found  to 
be  greatly  enlarged,  and  the  cicatrix  of  the  previous  transverse  gastrectomy  was  clearly  ^•isible. 
There  was  a  very  tight  stenosis  at  the  pylorus,  following  the  contraction  of  an  ulcer  on  the  upper 
margin  of  the  duodenum,  just  beyond  the  pyloric  ring.  The  contraction  had  spread  in  a  curious 
V-shaped  manner,  isolating  a  small  pouch  of  the  duc^enum.  As  there  were  some  adhesions  in 
the  lesser  sac,  an  anterior  gastro-enterostomy  was  performed,  a  double  row  of  continuous  silk 
suture  being  used. 

The  patient  made  an  uneventful  recovery,  and  had  complete  rehef  from  symptoms  until 
October,  1916.  Then  he  had  a  sudden  acute  pain  in  the  abdomen,  lasting  a  few  hours.  A  few 
weeks  later  he  had  a  similar  slight  attack  of  pain,  and  after  that  he  began  to  have  chronic  pain  in 
the  abdomen.  It  was  not  related  to  food,  but  was  brought  on  when  he  got  into  certain  positions. 
For  example,  he  always  had  pain  when  he  lay  on  his  right  side.  There  was  a  well-defined  tender 
s|>ot  over  the  left  upper  rectus  muscle,  just  above  the  umbilicus.  .\  diagnosis  of  jejunal  ulcer 
was  made,  and  as  the  symptoms  persisted,  I  decided  to  operate. 

Third  Operation,  Dec.  9,  1916. — There  was  an  ulcer  on  the  efferent  loop  of  the  jejunum,  just 
beyond  the  anastomosis.  This  ulcer  was  adherent  by  a  single  adhesion  to  the  anterior  alxlominal 
wall.  When  the  adhesion  was  divided,  the  lumen  of  the  bowel  was  opened,  and  presenting  through 
the  opening  was  the  knot  of  a  silk  suture.  The  silk  was  removed  and  the  ulcer  was  infolded,  in 
the  hope  that  it  might  heal  when  the  irritation  of  the  silk  was  removed.  After  recovery  patient 
was  dieted  and  given  alkalies  and  pure  olive  oil  in  order  to  reduce  the  acidity  of  his  gastric  contents, 
as  acidity  was  still  a  prominent  symptom  with  him. 

He  remained  free  from  pain  until  July,  1917,  and  then  he  began  to  have  slight  attacks  of 
pain.  He  had  arranged  to  come  to  see  me  again,  when  he  suddenly  perforated  at  his  home 
in  Leeds  on  Oct.  3,  1917,  and  was  taken  to  the  Leeds  Infirmary  and  there  operated  on  by 
Mr.  Richardson,  who  sutured  the  ulcer.  His  pain  still  persisted,  and  he  again  had  evidence  of 
adhesion  of  the  ulcer  to  the  abdominal  wall,  viz.,  pain  brought  on  by  King  on  his  right  side. 
I  therefore  advised  him  to  submit  to  a  further  operation. 

Fourth  Operation,  Nov.  29,  1917. — The  ulcer,  still  situated  in  the  same  place,  was  again 
adherent  to  the  anterior  alxlominal  wall.  The  adhesion  was  divided,  and  the  anastomosis  was 
undone,  the  oj>ening  in  the  stomach  being  closed  with  two  long  rows  of  sutures.  The  affected 
portion  of  the  jejunum  was  next  excised,  the  ends  being  infolded,  and  a  lateral  anastomosis  was 
made.  A  posterior  gastro-enterostomy  was  then  established  in  the  ordinary  way  through  the 
transverse  mesocolon,  catgut  alone  being  used  for  Ijoth  rows  of  sutures.  The  adhesions  in  the  lesser 
sac  were  not  so  troublesome  as  I  had  feared  at  the  original  ojieration  of  gastro-enterostomy,  and 
the  operation  did  not  present  much  difficulty.  There  was  verj*  little  shock,  and  the  patient  made 
an  excellent  recoverj-. 

At  the  present  time  (August,  1918)  he  is  still  free  from  symptoms. 

This  case  gains  additional  interest  from  the  fact  that  the  patient  had  one  of  the  rare 
external  polypoidal  tumours  of  the  stomach.  The  origin  of  the  tumour  in  this  case  was 
from  the  submucous  coat ;  and  though  it  was  malignant  in  nature,  the  patient  was  free 
from  any  sign  of  recurrence  at  the  last  operation,  seven  years  after  its  removal. 

Case  2  (Xo.  121). — This  patient  is  one  on  whom  I  operated  for  Mr.  H.  H.  RajTier,  whose  notes 
on  the  case,  before  the  man  came  under  my  care,  are  as  follows  : — 

''  I  performed  a  posterior  gastro-enterostomy — no-loop — on  this  man  in  December,  1915,  for 
chronic  duodenal  ulcer,  of  which  there  was  marked  evidence  at  time  of  operation.  Linen  thread 
was  used  for  the  anastomosis  (two  layers).  After  a  few  months'  relief,  the  pain  and  epigastric 
tenderness  returned,  and  in  consequence  I  explored  his  abdomen  in  September,  1916  ;  marked  indur- 
ation about  the  gastrojejunal  anastomosis  was  found,  evidently  due  to  ulceration.  An  anastomosis 
between  the  afferent  and  efferent  loops  of  jejunum  was  effected,  and  in  performing  this  a  length 
of  linen  thread  was  obser\'ed  hanging  down  from  the  previous  anastomotic  site.  As  soon  as  the 
man  resumed  an  active  life,  his  sjTnptoms  all  returned,  and  this  time  were  more  intense  and  severe 
than  before  the  first  operation  ;  after  examining  him  in  September,  1917,  I  decided  to  undo  the 
gastrojejunal  anastomosis,  and  so  shut  the  small  intestine  off  from  any  direct  communication 
with  the  stomach  ;  however,  before  the  man  could  be  admitted  to  hospital  I  left  Manchester 
for  service  abroad,  and  Mr.  Wright  at  my  request  kindly  undertook  the  care  of  the  man." 

On  Dec.  22,  1917,  I  operated  on  him  "in  the  Salford  Royal  Hospital.  I  found  much  thickening 
of  the  stomach  and  bowel  at  the  anastomosis,  and  thickening  and  shrinkage  of  the  trans\-erse 
mesocolon.  The  anastomosis,  which  was  contracted,  was  undone,  and  the  defects  in  the  stomach 
and  bowel  were  closed.  The  old  duodenal  ulcer  was  excised  by  an  elliptical  incision,  which  was 
afterwards  closed  transversely.  As  there  was  no  stenosis,  no  new  short-circuiting  operation  was 
done. 

The  patient  made  an  uneventful  recovery,  and  is  now  free  from  svTnptoms  (August,  1918). 

Case  3  (Xo.  122). — A  man,  age  43,  was  under  my  care  in  Salford  Royal  Hospital  in  January-, 
1912,  for  a  perforated  duodenal  ulcer.  The  perforation  was  sutured,  the  ulcer  being  infolded, 
and  a  no-loop  posterior  gastro-enterostomy  was  done,  silk  being  used  for  both  layers  of  sutures. 
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He  rcmaiiu'tl  well  ft)r  two  years,  and  then  bejjan  to  have  pain  eoniing  on  shortly  after  food. 
At  first  the  pain  was  only  slight,  but  it  gradually  inereased  in  severity.  At  times  he  eould  get 
relief  by  taking  a  little  warm  milk,  but  this  was  not  always  so.  He  never  vomited,  and  never 
had  any  melsena,  but  he  gradually  lost  flesh,  and  his  life  was  miserable  on  account  of  the  constant 
pain. 

He  was  re-admitted  to  hospital  on  April  24,  1918.  His  condition  at  that  time  was  one  of 
considerable  emaciation,  and  he  had  very  delinite  tenderness  and  rigidity  of  the  left  upper  rectus 
muscle.  Secondary  ulceration  was  diagnosed,  and  on  Aj)ril  25  I  re-opened  the  abdomen.  There 
was  nuich  thickening  of  the  stomach  and  bowel  at  the  site  of  the  anastomosis,  and  the  mesocolon 
in  the  neighbourhood  was  also  thickened.  With  considerable  dilliculty  the  anastomosis  was 
resected,  the  defect  in  the  stomach  sutured,  and  the  cut  ends  of  the  jejunmn  were  imited  end- 
to-end.  There  were  numerous  adhesions  from  the  old  perforation,  and  the  condition  of  the 
pylorus  and  duodenum  coidd  not  be  made  out  clearly  ;  but  it  was  decided  not  to  do  any  short- 
circuiting  operation,  as  the  patient  was  not  in  a  condition  to  stand  it.  The  abdomen  was  there- 
fore closed. 

The  patient  made  a  good  recovery,  and  radiographic  examination  later  showed  that  there 
was  no  stenosis  of  the  pylorus  or  duodenum,  so  that  no  further  operative  treatment  is  considered 
necessary.     At  the  present  time  (August,  1918)  he  is  free  from  symptoms. 

The  specimen  removed  shows  secondary  contraction  of  the  stoma,  with  several  ulcers  situated 
exactly  on  the  anastomosis.  No  silk  was  present,  either  in  the  idcers  or  in  the  tissues.  Micro- 
scopic examination  failed  to  reveal  any  trace  of  either  layer  of  sutures,  so  that  both  layers  had 
evidently  been  cast  off. 

SITUATION     OF     THE     ULCER. 

Jejunal  ulcers  were  classified  by  Paterson  into  two  types  according  to  their  situation  : 
(1)  Gastrojejunal,  when  the  ulceration  was  on  the  line  of  the  anastomosis  ;  (2)  True 
jejunal  ulceration.  He  drew  a  distinction  in  the  etiology  of  these  two  types,  stating  that 
gastrojejunal  ulceration  is  largely  due  to  failure  in  operative  technique,  while  the  true 
jejunal  ulcer  primarily  results  from  the  action  of  non-inactivated  gastric  contents  on  the 
jejunal  mucosa.  Moynihan  supports  this  view,  which,  however,  I  hope  to  prove  later 
is  only  partially  true. 

The  true  jejunal  ulcers  are  usually  situated  on  the  efferent  jejunal  loop,  nearly  always 
within  a  short  distance  of  the  gastro-enterostomy,  but  occasionally  several  inches  away. 
In  a  fair  proportion  of  cases  they  are  directly  opposite  the  gastro-enterostomy.  Very 
rarely  indeed  they  are  in  the  afferent  loop.     In  some  cases  multiple  ulcers  are  present. 

According  to  Paterson,  about  one-third  of  the  ulcers  are  gastrojejunal,  and  the  rest 
jejunal.  The  published  reports  do  not  state  the  exact  situation  very  clearly  in  many  of 
the  cases,  but  from  a  study  of  these,  I  find  that,  out  of  142  instances,  the  ulceration  was 
of  the  gastrojejunal  type  in  63  (that  is,  44-3  per  cent)  ;  in  10  the  ulcer  was  situated  opposite 
the  gastro-enterostomy  ;  in  54  it  was  on  the  efferent  loop  ;  in  2  on  the  afferent  loop  ;  on 
9  occasions  there  were  multiple  ulcers  ;  and  in  4  cases  the  site  of  the  ulcer  was  not  stated 
definitely.  The  incidence  of  gastrojejunal  ulceration  is  therefore  appreciably  higher  than 
was  shown  in  the  statistics  of  Paterson. 

When  we  inquire  into  the  influence  of  the  type  of  gastro-enterostomy  on  the  site  of 
the  ulcer,  we  find  that  the  character  of  the  operation  was  mentioned  in  130  instances. 
In  72  cases  after  anterior  gastro-enterostomy,  the  ulceration  was  jejunal  in  43  and  gastro- 
jejunal in  29.  On  the  other  hand,  in  59  cases  following  posterior  gastro-enterostomy, 
the  ulceration  was  jejunal  in  28  and  gastrojejunal  in  31.  This  may  possibly  be  due  to 
the  fact  that  physiological  conditions  play  a  greater  part  in  the  production  of  true  jejunal 
ulcers  than  of  gastrojejunal  ulceration,  and  that  it  is  probable  that  these  physiological 
conditions  act  more  powerfully  after  the  anterior  than  the  posterior  operation. 

PATHOLOGICAL     ANATOMY. 

Two  clinical  types  are  met  with  :  (1)  The  acute  perforating  ulcer  ;  and  (2)  The 
chronic  ulcer.  As  in  the  case  of  gastric  and  duodenal  ulcers,  these  two  types  merge  into 
each  other,  the  acute  ulcers  tending  to  become  chronic,  while  perforation  is  not  unknown 
in  the  chronic  cases. 

1.  The  acute  jejunal  ulcer  resembles  the  acute  ulcer  of  the  stomach,  and  has  a 
punched-out,  round  appearance.      It  rapidly  spreads  through  the  thin  jejunal  wall  and 
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produces  perforation  and  peritonitis.  This  occurred  in  21  out  of  74  cases  of  anterior 
gastro-enterostomy  (28'7  per  cent),  and  in  10  out  of  61  cases  of  posterior  gastro- 
enterostomy (16-3  per  cent),  so  that  perforation  is  definitely  a  greater  risk  in  jejunal  ulcer 
following  anterior  gastro-enterostomy. 

2.  The  chronic  ulcer  has  shelving  edges,  and  sets  up  local  peritonitis  over  it,  the  ulcer 
becoming  adherent  to  surrounding  structures,  and  in  many  cases  producing  a  large  inflam- 
matory swelling.  The  course  taken  by  these  chronic  cases  differs  according  to  the  type 
of  the  preliminary  gastro-enterostomy. 

When  this  has  been  of  the  anterior  type,  the  ulcer  tends  to  adhere  to  the  anterior 
abdominal  wall,  usually  behind  the  left  upp)er  rectus  muscle,  and  a  large  tumour  is  produced 
in  this  situation  ;  a  process  of  chronic  perforation  ensues,  the  ulcer  gradually  perforating 
the  abdominal  wall,  and  finally  producing  an  external  fistula  (as  in  Paterson's  case).  In 
one  case  the  ulcer  penetrated  into  the  liver.  Only  in  rare  cases  does  the  ulceration  burrow 
its  way  into  the  colon  and  produce  a  fistula  into  this  \iscus  ;  in  21  cases  of  jejuno-colic 
fistula  the  preliminarv'  operation  was  of  the  anterior  type  in  2  only,  and  in  one  of  these  the 
operation  was  done  by  the  retrocolic  route,  thus  bringing  the  anastomosis  into  the  same 
relation  to  the  colon  as  in  the  jwsterior  operation. 

Chronic  ulcer  following  posterior  gastro-enterostomy  also  leads  to  an  inflammatory 
swelling,  but  this  is  not  so  evident  clinically,  because  it  is  hidden  behind  the  colon  and 
mesocolon.  Chronic  perforation  of  the  true  jejunal  ulcer  into  the  colon  may  occur,  the 
colon  becoming  adherent  to  the  base  of  the  ulcer,  and  the  ulceration  then  extending  into 
the  lumen  of  the  large  bowel.  When  the  ulceration  is  on  or  near  the  anastomosis,  it 
extends  into  the  mesocolon,  which  becomes  much  thickened,  and  both  contract,  pulling 
the  colon  down  to  the  anastomosis,  to  which  it  adheres,  a  fistula  being  formed  in  the  usual 
manner. 

In  the  process  of  healing,  or  partial  healing,  of  these  ulcers,  contraction  and  stenosis 
may  ensue.  In  the  case  of  true  jejunal  ulcer  there  may  be  a  stenosis  of  the  affected  portion 
of  jejunum,  usually  the  efferent  limb,  the  afferent  limb  being  dilated  and  hypertrophied. 
When  the  ulcer  is  situated  in  the  jejunum  opposite  the  stoma,  contraction  may  produce 
a  spur  in  the  jejunal  loop,  and  in  this  way  obstruction  of  the  gastro-enterostomy  opening 
may  follow  ;    such  a  condition  is  described  by  Edington  and  MovTiihan. 

By  far  the  commonest  form  of  stenosis,  however,  is  that  which  results  from  gastro- 
jejunal  ulceration,  which  leads  to  narrowing  of  the  gastro-enterostomy  opening.  In  some 
cases  this  may  be  so  extreme  as  to  lead  to  complete  obliteration  of  the  stoma,  and  there 
is  no  doubt  that  the  cases  of  narrowing  and  obliteration  of  the  opening  which  have  been 
reported  after  gastro-enterostomy  are  due  to  antecedent  ulceration,  and  not  to  non- 
functioning of  the  artificial  opening  owing  to  patency  of  the  pylorus,  as  was  at  one  time 
suggested.  It  is  a  noteworthy  fact  that  narrowing  of  the  gastro-enterostomy  has  been 
observed  in  many  cases  of  true  jejunal  ulceration,  and  by  some  writers  this  has  been 
considered  a  causal  factor  in  the  production  of  the  jejunal  ulcer.  It  seems  more  likely 
that  in  these  cases  the  same  causes  which  produced  the  jejunal  ulceration  had  also  set 
up  ulceration  on  the  anastomosis,  to  which  the  contraction  was  secondary. 

ETIOLOGY. 

The  etiology  of  this  grave  condition  is  a  matter  of  first  importance,  as  it  is  only  by 
a  correct  appreciation  of  the  causes  that  we  can  hope  to  minimize  or  avoid  it.  Paterson 
estimates  the  incidence  of  jejunal  ulceration  at  1-5  per  cent  ;  and  while  one  may  think 
this  an  over-estimate,  and  there  are  no  figures  which  allow  of  an  accurate  estimate,  there 
is  no  doubt  that  it  is  sufficiently  frequent  to  be  a  serious  drawback  to  an  otherwise 
valuable  operation. 

Age. — This  is  of  no  importance.  The  youngest  case  was  two  months  old  (Mickulicz). 
The  oldest  was  81.  The  majority  of  cases  occur  between  the  ages  of  30  and  45,  as  one 
would  expect,  this  being  the  period  of  life  at  which  gastro-enterostomy  is  most  frequently 
performed. 


394  THE    BRITISH    JOURNAL    OF    SURGERY 

Sex. — As  regards  sex,  there  is  a  marked  preponderance  in  the  male  sex.  In  140 
cases  of  active  ulceration  in  which  the  sex  was  mentioned,  113  were  males  and  27  females. 
While  it  is  true  that  gastric  and  duodenal  ulcers  are  commoner  in  men  than  in  women, 
this  relationship  is  even  more  marked  in  the  case  of  jejunal  ulceration.  Thus,  W.  J.  Mayo^ 
had  154  gastric  and  duodenal  ulcers  in  men  to  46  in  women.  In  dealing  with  duodenal  ulcers 
alone,  however,  he  had  83  men  to  17  women,  the  proportion  of  males  thus  being  even 
higher  than  in  jejunal  ulceration.  It  would  seem  that,  even  taking  into  consideration 
the  greater  frequency  of  operation  for  gastric  and  duodenal  ulcer  in  males  than  females, 
the  incidence  of  jejunal  ulcer  is  rather  greater  in  the  former.  Probably  this  is  due  to  some 
physiological  factor,  as  in  tlie  case  of  duodenal  ulcer. 

Type  of  Preliminary  Operation. — When  we  study  the  cases  of  active  ulceration, 
excluding  the  doubtful  cases  and  the  cases  of  simple  stenosis  without  active  idceration, 
we  get  the  following  statistics  as  to  the  preliminary  operation  : — 


Anterior  gastro-enterostomy 

Anterior  gastro-enterostomy  with  entero-anastomosis 

Anterior  gastro-enterostomy  en  Y 

Posterior  gastro-enterostomy 

Posterior  gastro-enterostomy  with  entero-anastomosis 

Posterior  gastro-enterostomy  en    Y 

Partial  gastro-enterostomy 

Not  definitely  stated   . . 


38 

20 

10 

54 

3 

5 

2 

7 


Thus,  the  preliminary  operation  was  of  the  anterior  type  in  74  cases  and  the  posterior 
type  in  62 ;  and  when  we  consider  that  the  posterior  operation  must  have  been  done  much 
more  frequently  than  the  anterior,  it  is  evident  that  there  is  a  greater  liability  to  this  com- 
plication after  the  anterior  than  the  posterior  operation.  At  first  sight  this  inequality  would 
appear  to  be  greater  than  it  really  is,  but  further  examination  reveals  the  interesting  fact 
that  in  a  large  proportion  of  the  anterior  cases — 36  out  of  74 — the  operation  has  been 
complicated  by  an  entero-anastomosis  or  has  been  of  the  Y  type.  We  shall  see  later  on 
that  this  has  an  important  bearing  on  the  production  of  jejunal  ulceration.  Of  the  62 
posterior  operations,  only  8  were  en  Y  or  with  entero-anastomosis.  Jejunal  ulcer, 
therefore,  followed  only  38  cases  of  uncomplicated  anterior  gastro-enterostomy,  while  in 
54  cases  it  followed  uncomplicated  posterior  gastro-enterostomy.  It  is,  of  course,  impos- 
sible to  estimate  the  relative  number  of  anterior  and  posterior  operations  which  have  been 
performed  to  the  present  date  ;  but  the  posterior  operation  must  have  been  carried  out 
much  more  frequently  than  the  anterior,  and  the  inference  may  be  drawn  that  jejunal 
ulceration  is  commoner  after  anterior  than  posterior  gastro-enterostomy,  though  possibly 
the  noxious  influence  of  the  anterior  operation  has  been  overestimated  in  the  past. 

In  139  cases  where  the  type  of  the  preliminary  operation  is  given,  in  44  it  was  en  Y 
or  with  entero-anastomosis.  This  is  relatively  a  very  high  proportion,  and  well  illustrates 
the  influence  of  these  proceedings  on  the  production  of  jejunal  ulceration.  It  is  significant 
that  no  case  of  secondary  ulceration  has  been  reported  after  the  operation  of  gastro- 
duodenostomy. 

Exciting  Causes. — When  we  come  to  consider  the  actual,  as  opposed  to  the  predis- 
posing, causes  of  jejunal  ulceration,  we  find  that  they  can  be  divided  into  two  groups  : 
(1)  Physiological  ;    (2)  Errors  in  technique. 

1.  Physiological.- — This  group,  in  effect,  means  the  action  of  the  gastric  juice  on  the 
mucous  membrane  of  the  anastomosis  or  of  the  jejunum,  and  it  almost  certainly  has  an 
effect  in  all  the  cases  of  ulceration,  even  when  it  is  not  the  sole  cause. 

Paterson  and  other  writers  lay  great  stress  on  the  effect  of  increased  acidity  of  the 
gastric  contents,  maintaining  that  a  high  acidity  injures  the  mucosa  and  allows  the 
digestive  action  of  the  gastric  juices  to  come  into  play.  In  a  number  of  cases  hyperacidity 
has  been  noted,  and  it  seems  likely  that  this  condition  increases  the  liability  to  ulceration, 
though  the  experimental  work  of  Wilkie  did  not  support  this  view.  The  hypothesis  is 
further  supported  by  the  fact  that  only  one  case  is  reported  as  following  operation  for 
gastric  carcinoma,  and  in  that  case  there  was  probably  a  septic  element,  as  the  ulcers  were 
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multiple  and  appeared  within  a  short  time  of  the  operation.  It  is  notorious  that  the 
acidity  of  the  gastric  contents  is  lowered  in  carcinoma,  and  therefore  we  would  expect 
these  cases  to  remain  free  from  jejunal  ulceration  if  this  is  caused  by  the  action  of  the  acid 
gastric  contents.  Further  confirmation  is  found  in  the  fact  that  after  operations  en  Y 
and  with  entero-anastomosis  we  find  a  higher  proportion  of  jejunal  ulcer.  After  these 
operations  the  alkaline  pancreatic  and  intestinal  secretions  are  debated  from  the  anasto- 
mosis and  a  portion  of  the  jejunum,  and  therefore  unneutralized  gastric  contents  come 
into  contact  with  a  mucous  surface  which  is  not  accustomed  to  the  action  of  an  acid 
digestive  fluid,  and  ulceration  is  easily  set  up. 

On  the  other  hand,  there  are  records  of  cases  of  jejunal  ulcer  where  the  examination 
of  the  gastric  contents  has  revealed  no  hyperacidity,  and  even  diminished  acidity. 
Probably,  therefore,  the  action  of  the  gastric  contents  depends  on  their  digestive 
properties  and  not  on  hyperacidity,  but  the  latter  increases  the  acti\ity  of  the  former. 
This  digestive  action  is  brought  into  play  by  one  or  both  of  two  factors  :  (o)  The  inability 
of  the  jejunal  mucosa  to  withstand  a  digestive  action  to  which  it  is  unaccustomed  ; 
(b)  Local  injuries  of  the  mucosa. 

a.  The  inability  of  the  intestinal  mucosa  to  withstand  peptic  digestion  probably 
increases  from  the  pylorus  onwards,  and  this  would  explain  the  greater  frequency  of 
jejunal  ulceration  following  the  anterior  operation.  In  this  connection  an  interesting 
suggestion  has  been  made  by  Dervaux — viz.,  that  the  lower  we  descend  in  the  intestine, 
the  less  secretin  is  produced,  and  therefore  the  less  secretion  of  pancreatic  juice  takes 
place.  In  other  words,  the  chemical  reflex  producing  the  secretion  of  pancreatic  juice 
is  lessened  in  intensity,  and  this  is  more  marked  in  cases  of  anterior  than  posterior  gastro- 
enterostomy. The  neutralization  of  the  gastric  contents  is  therefore  less  perfect  in  these 
cases,  and  the  production  of  jejunal  ulceration  is  favoured. 

b.  As  we  shall  see  later,  errors  of  technique  have  more  say  in  the  production  of  gastro- 
jejunal  ulceration  than  in  the  case  of  true  jejunal  ulcers  ;  and  it  is  interesting  to  observe 
that,  in  72  cases  following  anterior  gastro-enterostomy,  true  jejunal  ulcers  were  present 
in  43,  gastrojejunal  ulceration  in  29  ;  while  in  59  cases  after  the  posterior  op>eration,  true 
jejunal  ulcers  were  seen  in  28,  and  gastrojejunal  ulceration  in  31  ;  showing  the  greater 
physiological  liability  to  ulceration  after  the  anterior  than  the  posterior  operation. 

2.  Errors  in  Technique. — These  play  an  imf)ortant  part  in  the  production  of  jejunal 
ulcers,  and  it  is  by  a  careful  study  of  them  that  we  may  hope  to  lessen  the  incidence  of 
the  condition.     Of  prime  importance  is  the  method  of  effecting  the  anastomosis. 

In  14  cases  in  my  series  this  had  been  accomplished  by  means  of  a  Murphy's  button 
or  bobbins.  The  Murphy's  button  produces  a  line  of  necrosis  which  must  heal  by  granula- 
tion, giving  a  favourable  opportunity  for  the  gastric  contents  to  act.  Further,  both 
buttons  and  bobbins  are  foreign  bodies  of  a  hard  nature,  which  can  easily  injure  the  mucosa 
away  from  the  suture  line,  allowing  access  of  the  gastric  juices  to  the  injured  tissues. 

The  usual  method  of  union  is  by  a  double  row  of  continuous  sutures,  and  for  the 
most  part  an  unabsorbable  material  such  as  silk,  linen  thread,  or  Pagenstecher  thread 
has  been  employed.  There  is  a  gradually  increasing  body  of  opinion  that  it  is  the  presence 
of  such  an  unabsorbable  suture  that  is  the  cause  of  secondary  ulceration,  particularly  of 
the  gastrojejunal  type.  The  earliest  instance  in  which  this  was  observed  was  the  case  of 
Professor  Berg  (No.  62).  Van  Roojen  also  published  a  case  (Berindina  M.),  but  quotes 
the  ease  of  Battle  (No.  13) — where  a  silk  thread  was  present  in  the  gastro-enterostomy 
opening,  while  the  ulcer  was  IJ  in.  below — as  proving  that  such  a  thread  may  be  harmless. 
We  shall  see  shortly  how  this  may  be  explained  difl'erently.  In  my  list  I  have  records  of 
13  cases  in  which  the  silk  suture  undoubtedly  played  an  important  part  in  the  production 
of  the  ulceration  (Xos.  13,  48,  62,  100,  107,  111,  112,  113,  115,  116,  117,  120,  121)  ;  and 
it  is  noteworthy  that,  since  attention  has  been  directed  to  this  point,  the  condition  has 
been  reported  with  increasing  frequency. 

The  harmful  effects  of  the  unabsorbable  continuous  suture  may  be  produced  in  various 
ways.  An  infected  suture  may  produce  ulceration  on  the  anastomosis,  primarily  of  an 
acute  infective  character,  which  later  on  becomes  chronic  owing  to  the  digestive  action 
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of  the  gastric  contents.  Again,  a  sterile  suture  may,  as  it  becomes  loosened,  tear  out  of 
the  anastomotic  ring,  and  produce  a  lesion  wliicli  allows  the  digestive  action  to  commence. 
In  either  of  these  two  ways  gastrojejunal  ulceration  may  be  set  up.  True  jejunal  ulcer 
may  also  arise  as  the  result  of  the  presence  of  such  a  suture.  In  my  own  case  (No.  120), 
the  ulcer  was  about  half  an  inch  beyond  the  anastomosis,  and  undoubtedly  arose  from 
the  injury  inflicted  on  the  mucosa  by  the  knot  of  the  silk  suture  which  was  becoming 
loosened.  The  passage  of  the  stomach  contents  waves  the  loosened  suture  about  and 
rubs  it  against  the  jejunal  mucosa,  abrading  this  and  leading  to  ulceration.  It  is  not 
ditticult  to  imagine  a  similar  process  occurring  somewhat  further  down  the  jejunum,  when 
the  stitch  has  become  almost  entirely  free,  but  is  still  attached  at  the  lower  angle  of  the 
gastro-enterostomy  opening.  This  theory  is  in  accordance  with  the  usual  situation  of 
jejunal  ulcers  in  the  efferent  loop,  as  the  flow  of  the  gastric  contents  would  naturally 
carry  the  thread  in  this  direction.  It  is  quite  easy  to  see  that  this  may  have  been  the 
origin  of  the  ulceration  in  many  cases  where  no  suture  has  been  found  at  the  secondary 
operation,  because  the  cases  are  not  usually  operated  on  until  some  considerable  time  has 
elapsed  after  the  onset  of  the  ulceration,  and  in  the  meantime  the  suture  may  have  finally 
broken  loose  and  disappeared. 

When  the  harmful  effects  of  the  continuous  unabsorbable  suture  were  first  recognized, 
it  was  thought  to  overcome  this  by  the  use  of  catgut  for  the  inner  layer  of  sutures.  This 
is  not  sufficient  to  prevent  jejunal  ulceration,  as  is  shown  by  the  case  reported  by  Barling 
(No.  145),  where  catgut  was  used  for  the  inner  layer  and  thread  for  the  outer  layer.  It 
is  proved  by  various  observations  that  the  outer  layer  of  suture  material  can  work  its  way 
into  the  lumen  of  the  intestinal  canal.  Thus,  in  Wilkie's  experiments,  in  his  sixth  series 
a  posterior  no-loop  gastro-enterostomy  was  done,  using  catgut  for  the  inner  layer  and  silk 
for  the  outer.  The  animal  was  fed  on  hard  meat  and  acid  (through  a  stomach  tube), 
and  killed  on  the  seventh  day.  There  was  a  gastrojejunal  ulcer  with  the  silk  outer 
suture  projecting  from  it.  A  very  important  case  also  was  reported  by  Woolsey,* 
where  posterior  gastro-enterostomy  was  done  for  duodenal  ulcer,  catgut  being  used  for 
the  inner  layer  and  thread  for  the  outer  layer  of  sutures.  Symptoms  recurred  one  year 
and  eight  months  later,  and  a  second  operation  was  undertaken  two  years  after  the 
primary  one,  when  no  ulceration  was  found,  but  the  linen  thread  was  seen  hanging 
in  loops  inside  the  gastro-enterostomy  opening.  Removal  of  this  thread  cured  the 
symptoms.  In  my  own  case  also  (No.  120),  at  the  last  operation  no  more  silk  was 
encountered,  though  two  rows  of  silk  were  used  for  the  anastomosis,  the  presumption 
being  that  the  inner  layer  of  sutures  had  been  shed  harmlessly,  and  that  the  outer  layer 
was  the  one  producing  the  ulceration.  Pool,^  again,  reports  two  cases  where  posterior 
gastro-enterostomy  was  done,  catgut  being  used  for  the  inner  and  linen  thread  for  the 
outer  layer.  Both  were  operated  on  six  months  after  the  primary  operation,  and  in  each 
case  an  ulcer  was  present  on  the  jejunal  side  of  the  anastomosis,  with  thread  in  the 
bottom  of  the  ulcer,  in  one  case  a  knot  lying  there. 

It  is  quite  consistent  with  this  theory  that  the  ulceration  may  not  appear  for  several 
years  after  the  preliminary  gastro-enterostomy.  So  long  as  the  unabsorbable  suture  is 
in  situ,  it  is  a  potential  cause  of  harm.  In  fact,  it  probably  is  when  it  begins  to  loosen 
and  be  cast  off  that  the  mischief  arises.  Records  are  not  wanting  to  show  that  such  a 
suture  may  remain  for  several  years.  Thus,  Delbet*  mentions  a  case  of  pylorectomy 
with  posterior  gastro-enterostomy  where  a  silk  suture  was  passed  three  years  after 
operation.  Ricard^  mentions  a  case  of  silk  in  a  gastro-enterostomy  one  year  after 
operation.  In  the  case  of  Woolsey  referred  to  above,  the  thread  was  still  present  two 
years  after  operation. 

Various  other  errors  in  technique  have  been  suggested  as  playing  a  part  in  the 
production  of  jejunal  ulcer.  Mayo  records  a  case  (No.  108)  where  a  ha;matoma  in  the 
mesocolon  produced  by  a  needle  prick  was  followed  by  a  jejunal  ulcer  close  to  the 
anastomosis.  The  ulcer  penetrated  the  whole  thickness  of  the  jejunum,  the  base  being 
formed  by  the  mesocolon,  which  was  adherent  at  the  site  of  the  old  haematoma.  While 
it  is  difficult  to  see  how  a  haematoma  external  to  the  bowel  could  lead  to  ulceration  inside, 
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one  could  readily  imagine  that  extravasation  between  the  mucosa  and  muscular  coats  of 
the  stomach  and  jejunum  might  lead  to  ulceration.  This  condition  occurs  when  the 
haemostatic  stitch  is  not  efficient,  and  also  in  cases  where  the  inner  layer  of  sutures  is  taken 
through  the  mucosa  only. 

The  pressure  of  clamps  has  been  suggested  as  a  cause,  but  there  is  no  evidence  in 
support  of  this,  and  the  same  may  be  said  of  the  theorj-  of  diminished  blood-supply  due 
to  arteriosclerosis  or  to  kinking  of  blood-vessels. 

In  a  few  cases  an  acute  septic  infection  is  probably  present — viz.,  where  the  ulcers  are 
multiple  ;  and  it  is  noteworthy  that  in  the  few  recorded  cases  of  this  type  the  onset  of 
the  ulceration  has  been  rapid. 

Delayed  healing  of  the  anastomosis,  and  consequent  ulceration,  may  sometimes  be 
due  to  injudicious  feeding  of  the  patient  in  the  early  days  of  the  operation.  The 
experiments  of  Wilkie  support  this  \iew. 

I  would  summarize  my  \iews  on  the  causation  of  jejunal   ulcer  as   follows  : —    . 

1.  Jejunal  ulcer  is  due  to  the  digestive  action  of  non-inactivated  or  imperfectly 
inactivated  gastric  contents  on  a  mucosa  which  is  not  accustomed  to  withstand  gastric 
iligestion. 

2.  Such  digestive  action  is  more  powerful  when  hyperacidity  is  present. 

3.  The  lower  in  the  intestine  we  go,  the  more  powerful  is  the  noxious  influence  of 
the  gastric  contents. 

4.  To  enable  the  gastric  digestion  to  come  into  play,  some  local  injury-  of  the  mucosa 
is  for  the  most  part  necessary.  In  the  great  majority  of  cases  this  is  produced  by  the? 
presence  of  a  continuotis  unabsorbable  suture,  or  by  the  presence  of  Murphy's  button  or 
some  kind  of  bobbin. 

5.  In  a  few  instances  ulceration  may  occur  as  the  result  of  the  action  of  gastric 
contents  without  the  help  of  any  local  injur\-.  This  is  supported  by  the  fact  that  jejunal 
ulcer  can  ap])ear  independently  of  gastro-enterostomy,  as  described  by  Schmilinsky.® 

CLINICAL     PICTURE. 

The  clinical  picture  in  these  cases  varies  according  to  the  stage  of  the  ulcer  and  the 
type  of  the  original  gastro-enterostomy. 

Pain  is  the  commonest  symptom  of  all,  and  is  present  in  nearly  every  case,  the  only 
exceptions  being  a  few  cases  of  jierforation  which  have  come  on  without  any  preliminary' 
symptoms.  The  pain  varies  in  character,  sometimes  suggesting  a  recurrence  of  the 
original  ulcer  after  operation  for  duodenal  ulcer,  but  it  is  noteworthy  that  in  many 
instances  the  pain  has  no  relation  to  the  ingestion  of  food.  Sometimes  it  is  undoubtedly 
due  to  adhesions  of  the  ulcer  to  the  anterior  abdominal  wall.  This  was  so  in  Case  1  (Xo. 
120).  Here  the  pain  could  always  be  brought  on  by  the  patient  lying  on  the  right  side, 
a  position  which  dragged  on  the  adhesion  of  the  ulcer  to  the  abdominal  wall.  Where  the 
original  opjeration  has  been  of  the  posterior  tj-pe,  adhesions  to  the  posterior  abdominal  wall 
may  be  set  up,  in  which  case  the  pain  will  strike  through  to  the  back. 

Vomiting  is  not  common  unless  obstruction  be  present,  either  from  stenosis  of  the 
stoma,  spur  formation  in  the  jejunal  loop,  or  annular  stenosis  of  the  jejunum. 

Hcematemesis  and  melcena  are  rare,  but  have  been  noted  on  several  occasions.  Acid 
risings  and  heartburn  are  not  uncommon. 

Local  tenderness  is  usually  present,  and  as  a  rule  the  tender  spot  is  under  the  left 
upper  rectus  muscle.  This  tender  spK)t  may  be  quite  definitely  localized,  or,  where  much 
tumour  formation  has  occurred,  it  may  be  more  diffuse. 

Rigidity  correspKjnding  to  the  tenderness  is  usually  found. 

A  local  STvelling  can  usually  be  detected  under  the  left  upper  rectus  muscle  in  cases 
following  anterior  gastro-enterostomy.  Such  a  swelling  is  more  difficult  to  feel  after  the 
posterior  operation,  even  though  considerable  tumour  formation  exists. 

When  a  fistula  into  the  colon  becomes  established,  a  very  definite  train  of  symptoms 
follows.  There  is  rapid  and  extreme  emaciation,  diarrhoea  of  the  lienteric  type,  with 
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urgency  of  defaecation.     Vomiting  is  present  in  a  larj^e  j)roj)ortion  of  cases,  and  the  vomit 
is  foul-smelling  and  contains  faeces.     Should  there  be  no  vomiting,  there  will  probably  be 
eructations  of  foul-smelling  gas.     The  diagnosis  can  be  confirmed  by  the  recovery  of  fiecal 
matter  from  the  gastric  lavage  and  by  radiographic  examination. 
Perforation  leads  to  the  usual  symptoms  of  that  condition. 

TREATMENT. 

The  treatment  of  jejunal  and  gastrojejunal  ulceration  falls  under  two  headings  : 
(1)  Preventive  ;    and  (2)  Curative. 

1.  Preventive. — I'nder  this  heading  come  the  technique  of  the  preliminary  gastro- 
enterostomy and  the  after-treatment  of  the  patient.  Needless  to  say,  scrupulous  care 
in  aseptic  technique  is  necessary  to  avoid  any  element  of  sepsis,  and  in  cases  where  stenosis 
is  present  it  is  important  to  secure  as  clean  an  operative  field  as  possible  by  a  course  of 
gastric  lavage  and  by  preliminary  attention  to  the  mouth  and  teeth.  Gentle  handling 
of  the  parts  during  the  anastomosis,  care  in  the  application  of  clamps,  and  careful  applica- 
tion of  the  inner  haemostatic  stitch  are  all  of  the  first  importance  ;  this  stitch  should  be 
through  all  the  coats,  and  not  merely  take  the  mucosa.  Care  should  also  be  taken  to  avoid 
any  tension  on  the  mucosa,  and  for  this  reason  I  think  the  plan  of  excising  mucous 
membrane  is  a  mistake. 

The  anastomosis  should  always  be  by  suture,  and  never  by  means  of  Murphy's  button 
or  bobbins.  The  suture  material  should  be  absorbable  for  both  layers  if  a  continuous 
stitch  is  employed.  The  Mayos  use  a  continuous  catgut  stitch  as  the  haemostatic  suture, 
and  interrupted  silk  stitches  for  the  outer  layer,  and  in  this  way  lessen  the  risk  of  jejunal 
ulceration.  Since  my  case  occurred,  I  have  used  continuous  catgut  sutures  for  both 
layers,  using  No.  0  catgut  hardened  in  formalin  and  sterilized  by  the  watery  iodine  method. 
At  first  I  thought  there  was  a  risk  of  the  catgut  being  absorbed  too  quickly  and  the 
anastomosis  giving  way,  but  I  have  now  used  this  method  in  many  cases  without  any 
trouble.  Gronnerud^  successfully  used  No.  1  pyoktanin  catgut  exclusively  in  140  gastro- 
enterostomies, so  we  may  consider  that  catgut  may  be  relied  upon  to  hold  sufficiently  long. 

In  closing  the  hole  in  the  mesocolon  after  posterior  gastro-enterostomy,  the  meso- 
colon should  be  sutured  to  the  stomach  well  away  from  the  line  of  the  anastomosis,  as 
recommended  by  the  Mayo  brothers.  Should  the  patient  be  so  unfortunate  as  to  develop 
a  jejunal  ulcer  afterwards,  it  will  then  be  much  more  accessible. 

In  the  after-treatment  of  these  patients  vve  should  beware  of  allowing  solid  food  too 
early.  Wilkie's  experiments  showed  clearly  the  evil  effects  of  the  trauma  of  lumps  of 
meat  on  the  healing  gastro-enterostomy  opening.  At  least  a  week  should  elapse  before 
solid  food  is  given,  in  order  to  allow  the  opening  time  to  heal.  It  is  important  also,  as 
Paterson  has  pointed  out,  to  insist  on  care  in  the  diet  of  these  patients  for  a  long  time 
after  operation,  and  to  take  steps  to  treat  any  increased  acidity  should  such  be  present. 

As  regards  the  choice  of  operation,  everything  is  in  favour  of  the  modern  no-loop 
gastro-enterostomy  with  a  wide  opening.  Theoretically,  gastroduodenostomy  is  to  be 
preferred,  as  no  case  of  secondary  ulceration  has  been  reported  thereafter.  Practically, 
however,  this  operation  has  its  dangers,  especially  the  serious  one  of  acute  dilatation 
of  the  stomach.  Gastro-enterostomy  en  Y  and  with  entero-anastomosis  should  be 
avoided,  the  clinical  evidence  being  strongly  in  favour  of  the  influence  of  these  opera- 
tions on  the  production  of  secondary  ulceration. 

2.  Curative. — When  secondary  ulceration  has  appeared,  the  question  of  treatment 
by  medical  or  surgical  means  arises.  Paterson  advises  a  preliminary  course  of  medical 
treatment — by  rest  in  bed,  rigid  dieting,  and  the  administration  of  alkalies-  in  the  hope 
that  this  may  cure  the  ulcer,  or,  failing  that,  may  reduce  hyperacidity  and  give  surgical 
measures  a  better  chance  of  success.  This  should  be  done  as  soon  as  any  pain  appears  ; 
but  such  a  course  of  treatment  should  not  be  persisted  in  for  any  length  of  time,  as  there 
is  no  doubt  that  surgical  treatment  is  infinitely  easier  in  the  early  stages  before  extensive 
adhesions  have  formed. 
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It  is  true  that  in  the  series  of  published  eases  secondary  operation  has  had  only  a 
ver\'  moderate  success,  and  has  in  some  cases  failed  dismally.  In  ven-  many  cases  also 
more  than  one  intervention  has  been  necessary  before  a  successful  result  has  been  obtained. 
Thus,  in  145  proved  cases,  19  died  without  any  operation  being  performed  ;  in  93  only 
one  intervention  was  made  ;  whUe  in  26  two,  in  5  three,  and  in  2  four  inter\'entions  were 
necessary.  When  we  study  the  end-results  we  find  the  following  :  deaths,  38  ;  no  relief, 
or  incomplete  relief,  25  ;  well  at  the  time  of  the  report,  82.  The  number  of  cases  reported 
cured  is  probably  exaggerated,  as  many  of  the  reports  are  dated  a  few  months  after  the 
operation. 

The  results  of  surgical  treatment  so  far  can  only  be  regarded  as  unsatisfactory,  and  it 
is  probable  that  this  is  so  because  the  etiologv'  of  the  condition  is  not  fully  understood. 
It  is  a  remarkable  fact  that  many  of  the  secondary'  of)erations  have  resulted  in  a  gastro- 
enterostomy en  Y  or  with  entero-anastomosis,  types  of  ojjeration  in  which  secondar^' 
ulceration  is  esf>eciany  prone  to  happen.  Further,  we  find  that  Murphy's  button  has  been 
used  occasionally  in  a  secondar\-  operation,  and  probably  silk  or  thread  sutures  have  been 
invariably  used.  I  regard  the  use  of  absorbable  catgut  sutures  as  a  matter  of  the  first 
importance  in  any  secondary  operation  which  is  undertaken. 

\>Tiere  the  preliminary-  operation  has  been  an  anterior  gastro-enterostomy,  with  or 
without  an  entero-anastomosis,  the  gastro-enterostomy  opening  should  be  undone — the 
opening  in  the  stomach  l>eing  closed  in  the  usual  way,  and  the  small  intestine  being 
restored  or  closed  as  may  be  indicated.  When  pyloric  stenosis  is  present,  a  large  no-loop 
posterior  gastro-enterostomy  opening  should  then  be  made,  catgut  alone  being  employed 
for  the  anastomosis.  If  the  pylorus  is  patent,  and  the  original  lesion  cured,  we  are  faced 
by  a  more  difficult  problem,  but  here  again  the  gastro-enterostomy  should  be  undone. 
This  will  often  necessitate  resection  of  a  portion  of  the  bowel  and  of  the  stomach  wall. 
The  opening  in  the  stomach  should  be  closed  as  usual.  If  possible,  the  opening  in  the 
jejunum  should  be  sutured  transversely.  If  this  is  not  possible,  the  upper  end  of  the  bowel 
should  be  implanted  into  the  side  of  the  lower,  the  cut  end  of  this  portion  of  intestine 
being  closed  as  a  blind  end,  or,  if  possible,  end-to-end  anastomosis  may  be  done.  We  are 
still  left  with  the  problem  of  dealing  with  the  original  lesion,  usually  pyloric  stenosis. 
This  should  be  treated  by  gastroduodenostomy  or  Finney's  of)eration,  whichever  may  be 
more  convenient.  If  the  original  lesion  was  a  duodenal  ulcer,  and  there  is  no  stenosis, 
it  is  better  to  excise  the  ulcer  and  allow  the  food  to  pass  the  natural  way.  In  some  cases 
the  local  conditions  may  render  gastroduodenostomy  or  Finney's  operation  very  difficult. 
Should  this  be  so,  it  is  probably  better  to  make  a  new  anterior  gastro-enterostomy,  using 
catgut  only,  than  to  trust  to  a  new  posterior  gastro-enterostomy  of  the  Y  type.  In  all 
cases  care  in  diet  should  be  insisted  on  for  a  prolonged  period,  and  any  symptoms  of 
hyperacidity  should  be  treated  by  rest,  careful  dieting,  and  alkalies.  , 
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publications.     They  are,  however,  published  in  detail  in  severed  previous  compilations  of  cases. 

A. — Where  the  Ulcer  has  perforated  into  the  Peritoneal  Cavity. 

1  Bkaux,    Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,   1899,  94. 

2  Hahx,  Ibid.,  74. 

3  KORTE,  Ibid..   1900,   137. 

4  STErs-THAL,  Ibid.,   139. 

5,  «  GoEPEi,,  Ibid.,   1902,    108. 

7  GoEPEL,  see  Tiegel,  Mitteil.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1904,  xiii,  914. 

8  MiCKTJLicz,  Ibid.,  897. 

9  Edington,  Glasgow  Med.  Jour.,   1907,  Jiine,  463. 

10  Hali,,  see  Patersox,  Ann.  Surg.,  1909,  I,  379. 

11  RrsHTox  Parker,  see  Patersox,  loc.  cit. 

•12     Hama>-x,  Cleveland  Med.  Jour.,  1907,  Mav,   183. 
13,    14     Battle,  Lancet,  1906,  xi,  274  and  1246.  " 

15     Graser,   Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,  1906,  i,  95. 


400  THE    BRITISH    JOURNAL    OF    SURGERY 

16  Hybrinette,  see  Einar  Key,  Nord.  med.  Archiv.,  1907,  xl,  Afd.  i. 

17  Lennander,  see  Einar  Key,  loc.  cit. 
•18  Cackovic,  Liecnicki  Viestnik,  1903,  vii. 

19  Delaloye,  Deut.  Zeit.  f.  Chir.,  1906,  518. 

20  Brentako,  Centralbl.  J.  Chir.,  1903,  vii,  203. 
21,  22  Eiselsberg,  Ibid.,   1910,   1532. 

23  Petrex  (Barrhjelm),  Beitrag.  z.  klin.  Chir.,  1911,  Ixxvi,  305. 

24  Petrex  (Euren),  Ibid. 

25  Jensen,  see   Zuleger,  Zur  Kcisuistik   des   Ulc.  pept.  Jejuni    nach   Oastro-enlerostomie,    Dissert., 

Leipzig,   1909. 

26  Dudgeon  and  Sargent,  after  Connell,  Surg.  Oyn.  and  Obat.,  1908,  No.  1. 

27  Maylard,  Lancet,  1910,  Feb.,  497. 

28  HiTZROT,  Ann.  Surg.,  1911,  i,  571. 

29  Marquis  (Hartmann),  Bull,  et  Mem.  de  la  Soc.  de  Chir.,  1913,  Dec.  2,  1517. 

30  Rowlands,  Ouy'a  Hosp.  Oaz.,   1913,  April,   149. 

31  Norman  Point,  see  Moynihan,  Med.  Rec.  i,  11. 

32  Paterson,  H.  J.,  Ann.  Surg.,  1909,  1. 

B. — Cases  in  ivhich  a  Local  Tumour  has  resulted. 

33-36  MiCKULicz,  see  Tiegel,  Mitteil.  a.  d.  Oremgeb.  d.  Med.  u.  Chir.,  xiii,  897. 

37  Brodnitz,  Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,  1903,  77  and  190(5. 

*38,  39  Cackovic,  Liecnicki  Viestnik,  No.  7. 

40  Neuman,  Deut.  Zeit.  f.  Chir.,  Iviii,  270. 

41  KocHEB,   Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,  1902,   103. 

42  Heidenhain,  Ibid.,   108. 

43  QufeNU,    Bull,  et  Mem.  de  la  Soc.  de  Chir.,  1902,  xxviii,  250,  and  1904,  xxx,  194. 
44,  45  CzERNY,  Beitrag.  f.  klin.  Chir.,  xxxix,  99,  and  Supplement,  98. 

46-49  RoTGANS,  see  Van  Roojen,  Archiv.  f.  klin.  Chir.,  xci. 

50  Rombouts,  Ibid. 

51  Oidtmann,  Ibid. 

52  Herczel,  Ibid. 

53  Akerman,  Ibid. 

64  Mayo  Robson,  Trans.  Roy.  Med.  and  Chir.  Soc,  Ixxxvii,  339,  and  Ann.  Surg.,  1904,  90. 
55  Jahr,  Berlin  klin.  Woch.  1905,  xliva,  100. 

56,  57  Kronlein,  see  Schostak,  Beitrag.  z.  klin.  Chir.,  Ivi,  360,  360. 

58  Fritzsche,  Ibid.,  368. 

59  Lanz,  see  Wullstein  and  Wilms,  Lehrbuch  d.  Chir.,  3  Auflg. 

60  Hildebrand,  see  Bosse,  Centralbl.  f.  Chir.,   1907,   192. 
61-64  Berg,  see  Einar  Key,  Nord.  med.  Archiv.,  1907,  xl,  Afd.  i. 

65  Kronlein,   Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,  1902,   110. 

♦66,  67  RoTGANS,  see  Vachez,  U  Ulcere  Peptique  du  Jejunum,  These  de  Paris,   1907. 

*68  Monprofit,  Ibid. 

69  Karstrom,  see  Petren,  Beitrag.  z.  klin.  Chir.,  Ixxvi. 

70  Berg,  Ibid. 
71,  72  Key,  Ibid. 

73  Hellstrom,  Ibid. 

74  Borelius,  Ibid. 

75,  76  Paterson,  H.  J.,  Ann.  Surg.,   1909,  1,  368. 

77  Von  Hacker,  see  Hofman,  Beitrag.  z.  klin.  Chir.,  1906,  I,  730. 

•78  Zuleger,  Zur  Kamistik  des  Ulc.  pept.  Jejuni  nach  Gastro-enterostomie,  Dissert.,  Leipzig,   1909. 

•79  Jensen,  see  Zuleger,  loc.  cit. 

80-88  SCHWARZ,  Archiv.  f.  klin.  Chir.,   1914,  civ,  694. 

89-93  Haberer,  Ibid.,   1913,  ci,  669. 

94  Dervaux,  Archiv.  Provin.  de  Chir.,  1913,  xxii.  No.  9. 

95  Florcken,  Centralbl.  J.  Chir.,   1914,  No.  7,  281. 

96  ScHLOFFER,  Beitrag.  z.  klin.  Chir.,  xxxii.  Heft.  2,  357. 

97  HoF-MAN,  Ibid.,  1,  742. 

98  Von  Eiselsberg,  Centralbl.  /.  Chir.,   1910,   1532. 

99  BoRSZEKY,  Bruns.  Beitrag.  z.  klin.  Chir.,  Ivii,   125. 
100  Connell,  Surg.  Gyn.  and  Obst.,  1908,  Jan.,  39. 

101-3  WiLKiE,  Edin.   Med.  Jour.,    1910,  v,   316. 

104  Lawen,  Munch,  med.    Woch.,   1910,  Jan.,'  102. 

•105  Leriche,  see  Denouai,  These  de  Lyon,  1908-1909,  No.  97. 

lOfj-108  Mayo,  W.  J.,  Surg.  Gyn.  and  Obst.,  1910,  March,  227. 

109  Navarro,  see  Hartman,  Bull,  et  Mem.  de  la  Soc.  de  Chir.,  1910,  1092. 

110  Marquis,  Ibid.,  1913,   1517. 

111  RiCARD,  Ibid.,   1536. 

112  Soresi,  Ann.  Surg.,   1915,  Ixi,  328. 

113  Pearson,  Trans,  of  Roy.  Soc.  of  Med.  of  Ireland,  1912,  xxx,  193. 

114  Rowlands,  Guy's  Hosp.  Gaz.,   1913,  April,    149. 
115,  116  Pool,  Ann.  Surg.,   1917,  July.   122. 

117-119  Moynihan,  Universal  Med.  Rec.,  i,  11. 

120-122  Garnett  Wright,  Brit.  Jour.  Surg.,  1919.  vi,  390. 

C— Cases  vcilh  Fistula  Formation  into  Colon. 

123  CzERNY,  Beitrag.  z.  klin.  Chir.,  xxxix.  99. 

124  Kaufman,  Mitteil.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1906,  xv,  151. 


SECOXDAKY    JEJUNAL    ULCEEATION  401 

•12.5  .SiASSc.KUKOZKi,  S.  J.,  Rusaki  Wratseh.,  1909,  No  49. 

12(j  Pinner,  Berlin,  klin.  Woch.,  1912,  Sept.  23,  1837. 

127  GossET,  Bev.  de  Chir.,  1906,  xxxiii,  59. 

*128  Florschutz,  Liecnicki  Viestnik,  1909,  Xo.  5. 

129  Van  Stockum,  see  van  Roojen,  Archiv.  f.  klin.  Chir.,  cxi. 

130  Koch,  Ibid. 

131  RoTGANS,  J  bid. 
n2,  133  Hebczel,  Ibid. 

134,  135  Von   Eiselsberg,  Centralbl.  f.  Chir.,    1910,    1532. 

136  Xelaton,  see  Lion  and  Moreau,  Bev.  de  Chir.,  1909,  xxxix,  873. 

137  GossET,  Ibid. 

138  Port  and  Reizenstein,  Mitteil.  a.  d.  Gremgeb.  d.  med.  u.  Chir.,  1907,  xvii,  590. 
•139  Sesin,   Wratseh.  Gaz.,  1909,  Nos.  9  and  10. 

140  Poly  A.  Deut.  Zeit.  f.  Chir.,  1913.  cxxi,   101. 

141  SCHWABZ,  -4rcA»r.  /.  klin.  Chir.,  1914,  civ,  694. 
•142  Vactrin,  Bev.  Med.  de  VEst,  1909,  680. 

♦143,144  Ramonede,  see  Urrutia,  Archiv.  de  VAppareil  Digestif,  1912,  vi,  33. 

145  Barung,  Brit.  Jour.  Surg.,  v,  343. 

D.— Cases  of  Simple  Stenosis  of  the  Stoma. 

146  Kehr,  Munch,  med.   Woch.,  1899. 

147  KoRTE,  Deut.  med.    Woch.,   1901. 

148  Gelpke,  Archiv.  f.  klin.  Chir.,  Ixxx. 
149-154  ^RAMER,  Bruns.  Beitrag.  z.  klin.  Chir.,  li. 

155  Finney,  Ann.  Surg.,  1914,  Ix,  131. 

E. — Probable,  but  not  proven,  cases  of  Jejunal  Ulcer. 

156  RuBRmrs,  Beitrag.  z.  klin.  Chir.,  Ixvii. 

157  Lyle,  yew  York  Med.  Jour.,  1906,  1230. 

158  Paterson,  Brit.  Med.  Jour.,  1909,  2525. 

159  Kramer,  Beitrag.  z.  klin.  Chir.,  li,  320. 

160  Van  Stockcm,  see  van  Roojen,  Archiv.  f.  klin.  Chir.,  xci. 
161,  162  KoRTEWEo,  Ibid. 

163  Hadra,  Verhand.  d.  deutsch.  Gesellsch.  f.  Chir.,  1900,  152. 

164  Fraenkel,  Deutsch.  Archiv.  f.  klin.  Med.,  1905,  Ixxxiv,  217. 

165  Fbitzsche,  see  Schostak,  Beitrag.  z.  klin.  Chir.,  Ivi,  360. 


REFERENCES. 

1  Mayo,  W.  J.,  Jour.  Amer.   Med.  Assoc.,   1915.  Sept.  25,    1069-1073. 

*  WooLSEY,   Ann.  Surg.,    1917,  Julv. 
»  Pool,   Ibid.,    122. 

»  Delbet,  Bull,  et  Mim.  d«  la  Soc.  de  Chir.,  1913,   Dec.   2,    1533. 
"  RiCARD,  Ibid.,   1535. 

•  ScHMiLiNSKY,  Miinch.  med.  Woch.,  1910,  July,  1616. 
'  Gronnebud,  Ann.  Surg.,    1917,  August,    177. 


402  THE    BRITISH    JOURNAL    OF    SURGERY 


SOME    PHENOMENA    OF    SURGICAL    SHOCK. 

By  a.    RENDLE   SHORT,  Bristol. 

The  writer  was  privileged  during  the  summer  and  autumn  of  1917  to  take  a  i)art  in  some 
investigations  on  surgical  shock  and  allied  conditions  at  a  group  of  casualty  clearing 
stations  in  France,  and  the  substance  of  the  present  communication  is  composed  of  data 
then  obtained.  It  is  very  difficult  to  give  proper  credit  to  all  to  whom  credit  is  due  in 
such  a  report,  because  so  many  of  one's  colleagues  have  contributed  in  a  greater  or  lesser 
degree,  but  I  have  tried  to  indicate  some  at  least  of  those  whose  interest  was  most  active. 
The  opportunity  to  carry  out  the  investigation  was  provided  by  Colonel  H.  M.  W.  Gray, 
to  whose  kindness  and  co-operation  we  were  continually  indebted. 

What  is  Surgical  Shocli? — Many  patients  who  arrive  at  a  casualty  clearing  station 
severely  wounded  are,  to  use  the  simplest  of  all  descriptions,  'very  bad,'  and  some  would 
use  the  term  '  shock  '  to  indicate  this  condition  of  depressed  vitality  whatever  its  cause. 
It  seems  more  useful  in  practice,  and  more  in  accordance  with  the  traditional  nomenclature 
of  surgery,  to  reserve  the  term  for  depressed  vitality  due  to  traumatism,  not  including 
concussion  or  hsemorrhage.  We  have  therefore  to  exclude  the  following  factors  making 
for  depressed  vitality  or  'bad'-ness,  before  concluding  that  surgical  shock  is  present  : — 

1.  Considerable  Loss  of  Blood. — Loss  up  to  a  pint  does  not  by  itself  harm  a  healthy 
man,  as  all  of  us  well  know  who  have  been  in  the  habit  of  taking  blood  from  donors  for 
transfusion. 

2.  Concussion — of  brain,  spinal  cord,  or  thorax. 

3.  Toxcemia  from  Intestinal  Paralysis. — I  am  convinced  that  much  which  passes 
for  delayed  or  secondary  shock  is  due  to  this  cause. 

4.  Syncope  from  Mental  Effects,  such  as  sudden  pain  or  emotion.  This  is  a  very  tran- 
sient  phenomenon. 

5.  Toxfemia  from  Acute  Streptococcal  Infection  or  Incipient  Gas  Gangrene. — This, 
again,  is  a  very  potent  factor,  often  confused  with  shock,  and  accounting  for  the  great 
majority  of  cases  of  'delayed  shock.'  It  may  come  on  within  twenty-four  or  forty-eight 
hours  of  wounding,  or,  rarely,  in  eight  hours. 

It  may  be  doubted  at  first,  when  all  these  deductions  have  been  made,  whether  any 
such  condition  as  surgical  shock  remains  to  be  considered.  Admittedly,  in  war  surgery, 
several  factors  are  usually  at  work.  But  there  is  a  residuum.  Part  of  the  'bad"-ness 
is  due  to  the  damaging  of  tissues.  This  is  shock.  It  is  seen  in  its  purest  form  in  such 
instances  as  the  following  :  Gunshot  wound  of  the  abdomen,  with  bad  pulse  and  patient 
very  ill,  wound  under  twenty-four  hours  (after  that  period  toxsemia  takes  the  larger  share 
in  killing  the  patient)  ;  crushed  chest  ;  death  from  amputation  at  the  hijj-joint.  Big 
multiple  injuries,  such  as  gunshot  wounds  of  both  femurs,  introduce  a  lot  of  shock,  with 
some  syncope  at  first,  ha*morrhage  later,  and  toxaemia  from  infection  after  a  day  or  two. 
In  ordinary,  a  patient  with  a  big  smash  is  much  worse  than  one  who  has  lost  the  same 
amount  of  blood  from  a  small  clean  wound  involving  an  artery,  even  before  toxjemia 
comes  in  to  complicate  the  picture. 

Plienomena  of  Surgical  Sliock. — The  well-known  signs,  such  as  pallor,  loss  of  mus- 
cular power  and  tone,  some  blunting  of  the  mind,  quick  weak  pulse,  fall  of  blood -pressure, 
subnormal  temperature,  reduced  urine,  etc.,  need  merely  be  mentioned.  We  fretjuently 
tested  the  knee-jerks.     They  are  usually  normal  ;   in  deep  shock  they  may  be  lost. 

It  is  probable  that  shock  may  be  present  before  the  blood-pressure  falls,  though  it  is 
difficult  to  recognize  it,  except  that  the  patient  'looks  bad.'     This  is  important,  because 
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we  all  know  how  frequently  a  man  is  sent  off  the  operating  table  with  a  good  pulse, 
but  already  with  his  life  in  grave  danger,  and  a  few  hours  later  he  suddenly  becomes 
ill  and   dies. 

On  the  other  hand,  a  fall  of  blood-pressure  does  not  necessarily  prove  shock.  Turn- 
ing a  patient  with  gunshot  wound  of  the  abdomen  after  the  laparotomy,  to  excise  a 
wound  of  the  back,  may  cause  a  fall  of  blood-pressure  ;  but  this  is  quite  probably  due  to 
syncope,  and  the  patient  may  quickly  recover. 

In  a  small  number  of  instances  Captain  C.  E,  Dukes  or  the  writer  took  readings  of 
diastolic  as  well  as  systolic  pressure  in  ca.ses  of  severe  injury-  with  or  without  signs  of 
shock  :    but  the  double  reading  did  not  teach  us  more  than  the  systolic  only. 

Metabolism  in  Shock. — It  has  been  abundantly  proved  by  American  workers,  using 
Van  Slyke's  apparatus,  that  the  alkali  reser\-e  of  the  blood  is  reduced  in  shock.  There 
is,  in  other  words,  a  condition  of  acidosis  (although  the  terms  are  not  exactly  svTionymous). 
Captain  C.  E.  Dukes  and  I  made  an  investigation  of  this  phenomenon  by  estimating  the 
ammonia  nitrogen  in  the  urine,  and  found  in  six  cases  a  constant  rise  ranging  from  13  to 
23  per  cent  (normal  is  3  per  cent)  when  shock  was  present.  In  two  patients  who  seemed 
bad,  but  had  normal  blood-pressures,  the  ammonia  nitrogen  was  also  normal.  It  is  well 
known,  of  course,  that  the  ammonia  nitrogen  excretion  is  a  simple  indirect  measure  of 
the  H-ion  concentration  of  the  blood.  In  one  case,  as  shock  deepened,  the  acidosis  rose 
from  14-6  to  23  per  cent  in  sixteen  hours. 

What  is  the  nature  of  the  excreted  acid  ?  It  is  not  ^-oxybutyric  or  diacetic  acid  ; 
we  never  obtained  red  coloration  with  ferric  chloride  even  after  oxidizing  with  hydrogen 
peroxide  (to  oxidize  ^-oxybutyric  to  diacetic  acid).  It  is  not  lactic  acid  ;  it  is  true  that 
the  urine  both  of  shocked  and  normal  persons  may  give  a  yellow  colour  with  Uffelmann's 
reagent  (due  to  phosphates)  ;  but  when  the  urine  of  a  shocked  patient  is  evaporated  to 
dryness  apd  the  residue  extracted  with  ether,  the  evaporated  ether  extract  gives  none  of 
the  reactions  of  lactic  acid.  It  is  probable  that  the  excess  of  ammonia  is  carried  out 
by  amino-acids.  This  suggestion  was  first  made  to  me  by  Sergeant  Howard,  of  the  — th 
Mobile  Laboratory. 

Whether  the  acidosis  of  shock  is  cause  or  effect  of  the  exhaustion  sjTnptoms  is 
another  and  more  difficult  question.  We  were  in  the  habit  of  giving  the  cases  alkaline 
drinks  (citrates  are  preferable  to  carbonates,  as  they  do  not  interfere  with  the  gastric 
hydrochloric  acid).  General  opinion  seems  to  be  that  alkaline  transfusion  is  no  better 
in  the  treatment  of  shock  than  normal  saline,  and  therefore  it  is  probable  that  the 
acidosis  is  an  accessory,  not  an  essential,  factor  in  the  production  of  the  exhaustion 
symptoms,  especially  as  it  follows  and  does  not  precede  the  fall  in  blood-pressure. 

The  Suprarenals  in  Shodi. — For  my  Hunterian  Lecture  in  1914  I  had  measured  the 
adrenalin  content  of  suprarenals  obtained  by  autopsy  from  persons  dying  of  shock  and 
of  various  other  conditions,  by  determining  the  dilution  necessary-  to  induce  contraction 
in  a  spiral  strip  of  rabbit's  aorta.  I  could  not  demonstrate  that  the  adrenalin  content  of 
the  gland  was  at  all  reduced.  I  repeated  the  obsers'ation  on  two  cases  dying  of  wound 
shock,  and  with  the  same  result. 

Toxicity  of  the  Blood. — Captain  Lindsay  performed  for  me  the  following  experiment  : 
Ten  c.c.  of  blood  were  taken  from  the  heart  blood  of  a  man  suffering  from  severe  shock 
due  to  gunshot  wounds  of  the  abdomen,  chest,  both  legs,  and  back  (no  Nisceral  injurj', 
but  retroperitoneal  haematoma),  who  died  thirty-six  hours  after  being  wounded,  the 
autopsy  taking  place  within  a  few  hours  of  death.  This  heart  blood  was  injected  into  the 
ear  vein  of  a  rabbit.  The  rabbit  was  kept  for  several  weeks,  and  exhibited  no  sjTnptoms, 
except  perhaps  a  transient  drowsiness.  Ten  c.c.  is  a  large  dose  for  a  rabbit,  and  this 
observation  would  seem  to  show  that  the  blood  in  shock  is  not  always  toxic.  The  experi- 
ment was  only  done  on  one  occasion. 

It  may  be  remembered  that  Professor  Crile  demonstrated  in  two  dogs  with  the 
circulation  artificially  crossed  that  the  signs  of  shock  were  only  produced  in  the  dog 
subjected  to  traumatism.  Roger  has  shown  that  the  blood  of  a  shocked  rabbit  is  not 
toxic  to  another  rabbit. 
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The  Blood-vessels  in  Shock. — Tlie  ancient  controversy  as  to  whether  the  arteries  are 
dilated  or  contracted  in  surjjical  shock  may  now  be  taken  as  definitely  settled — they  are 
contracte<i.  Indeed,  there  was  never  any  evidence  to  the  contrary.  Dilatation  of  the 
arteries  was  a  supposition  following  upon  the  theory  that  the  pathology  of  shock  was  an 
exhaustion  of  the  vasomotor  centre. 

The  superficial  veins  are  contracted,  and  often  in  a  state  of  active  spasm.  On  quite 
a  number  of  occasions  this  has  been  very  forcibly  impressed  upon  us  by  the  extreme 
difliculty  in  getting  blood  to  enter  the  median  basilic  or  median  cephalic  vein  during 
blood  transfusion.  There  was  no  doubt  that  the  cannula  was  correctly  placed.  In 
some  cases  the  blood  could  be  seen  distending  the  vein  for  an  inch  or  two  up.  We  have 
several  times  been  compelled  to  leave  the  arm  veins  and  give  the  blood  by  the  internal 
saphenous  in  the  groin,  and  even  that  has  been  found  in  a  state  of  extreme  contraction. 
It  is  true  that  all  these  cases  had  bled  severely  ;  but  I  believe  some  contraction  of  the  arm 
veins  is  also  present,  in  a  less  degree,  in  pure  shock  (e.g.,  in  amputation  at  the  hip-joint 
for  tubercle  in  a  wasted  boy). 

It  has  been  theorized  for  years  that  the  abdominal  vessels  are  dilated  in  shock  ;  but 
in  acute  abdominal  catastrophes  and  early  cases  of  gunshot  wound  of  the  abdomen  before 
the  advent  of  peritonitis,  I  have  never  seen  any  noteworthy  vasodilatation  either  of  veins 
or  arteries.  It  has  also  been  theorized  that  the  liver  is  greatly  engorged  ;  but  this  is  not 
foimd  either  at  operation  or  post  mortem. 

The  condition  of  the  capillaries  opens  up  some  new  and  very  interesting  problems. 
Dr.  Dale  has  shown  that  in  histamine-poisoning  in  cats,  the  symptoms  closely  resemble 
those  of  surgical  shock  ;  there  is  a  fall  of  blood-pressure,  yet  the  heart  is  working 
well,  and  the  arteries  are  contracted.  The  crucial  problem  in  shock  has  always  been 
how  to  explain  a  fall  in  blood-pressure  with  a  normal  heart,  contracted  arteries,  and 
unexhausted  suprarenal  glands.  In  poisoning  by  histamine  and  certain  other  sub- 
stances (acetyl-choline  and  minute  doses  of  adrenalin),  one  has  a  similar  problem. 
Dale  advances  what  seems  to  be  satisfactory  evidence  that  in  poisoning  by  these 
drugs  the  capillaries  are  dilated  though  the  arteries  are  contracted.  He  also  points 
out  that  a  few  hours  or  days  after  section  of  the  sciatic  nerve  in  a  cat,  the  pads  of 
the  foot  on  the  operated  side  are  paler  (=  capillary  contraction),  though  that  paw  is 
warmer  than  the  other,  not  only  to  the  touch  but  also  to  exact  measurement  ;  for  if  both 
paws  are  immersed  in  water  in  test-tubes,  the  water  on  the  side  of  the  denervated  paw 
is  warmed  up  more  quickly  than  the  other  (:=  arterial  dilatation  with  capillary  contrac- 
tion on  the  operated  side).  There  is,  of  course,  no  theoretical  difficulty  in  imagining 
that  the  endothelial  cells  of  the  capillaries  may  be  capable  of  expansion  and  contraction 
like  the  pigment  cells  in  a  frog's  skin.  Moreover,  what  Dale  interprets  as  capillaries 
might  mean  the  smallest  arterioles  with  a  muscular  coat.  That  a  drug  should  constrict 
one  part  of  an  artery  and  not  another  cannot  be  excluded  as  improbable,  in  view  of  the 
known  variation  in  action  of  adrenalin  on  the  pulmonary  artery  in  its  different  parts 
(Douglas  Cow). 

Now,  is  the  fall  of  blood-pressure  in  shock,  associated  as  it  is  with  an  active  heart, 
contracted  arteries  and  veins,  and  unexhausted  suprarenals,  due  to  capillary  dilatation  ? 
Cannon  has  published  figures  indicating  that  in  shocked  wounded  soldiers  there  is  a 
higher  red  blood  corpuscle  count  in  the  capillaries  than  in  the  veins.  Captain  Lindsay, 
Captain  Dukes,  and  others,  made  a  few  such  counts  when  working  with  me,  and  only 
found  this  disparity  in  one  case  out  of  five.  [A  Thoma-Zeiss  haemocytometer  was  used. 
Some  of  the  haemocytometers  at  the  front  were  very  inaccurate.]  If  the  capillaries  ii 
shock  are  dilated,  one  would  expect  the  lips  and  conjunctivae  to  be  flushed  instead 
of  pale.  It  is  to  the  lips  that  we  look  for  the  capillary  flush  in  aortic  regurgitation. 
It  is  quite  possible,  however,  that  the  relaxation  of  muscular  tone  to  which,  in  my 
Hunterian  Lecture,  I  attributed  considerable  importance  in  the  causation  of  the  low 
blood-pressure,  may  allow  of  dilatation  of  the  intramuscular  capillaries. 

The  Blood  Volume  in  Surgical  Shock. — War  surgery  does  not  offer  many  good 
opportunities    for    studies    of   the    total    blood     volume    by    estimation    of    the    specific 
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Fi6.   338.— Xkkve  Cells  from  Cahks  of  Fatal  Shock. 

1,  Nucleus  of  twelfth  nerre  :  upper  medulla,  i,  Suiall-celled  dorsal  nucleus  of  ragus  :  upper  medulla. 
3,  Nucleus  amliiguus:  upper  medulla.  4,  Anterior  horn  of  spinal  cord.  5.  Clarke's  column.  6,  Nucleus  gracilis. 
7,  Lenticular  nucleus.  8,  Inferior  olive.  9,  Substantia  ni<;Ta.  10,  Nucleus  of  third  nene.  11,  Red  nucleus. 
12,  Betz  cell.     13,  Superior  vermis  of  cerebellum.     14,  Postcentral  corte.\.    15,  Optic  thalamus. 
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jiravity,  red-cell  counts,  or  direct  measurement  by  the  vital-red  method,  because  so  many 
of  the  cases  are  complicated  by  unmeasured  lurmorrhage.  In  pre-war  civil  surgery 
I  found  no  alteration  of  the  specific  gravity  in  eight  cases,  but  a  marked  concentration 
in  two  patients  with  severe  burns.  Observations  by  the  vital-red  method  on  cases  of 
pure  shock  are  urgently  needed. 

The  Central  Nervous  System  in  Patients  Dead  of  Stioclt.  I  have  had  the  opportutiity 
of  cutting  sections  of  the  various  parts  of  the  brain  and  spinal  cord  of  three  patients  dead 
of  shock.  Particulars  are  given  in  the  appended  protocol.  It  will  be  observed  that  in  one 
of  them  at  any  rate  (the  second),  the  loss  of  blood  was  measurable,  because  there  was  no 
external  bleeding,  and  it  was  not  more  than  one  can  take  with  impunity  from  a  donor 
for  blood  transfusion  ;  so  that  it  does  not  seem  that  cerebral  aiurmia  will  explain  the 
changes  found. 

In  the  main,  the  findings  may  be  simimarized  as  follows  :  The  nerve  cells  of  the 
sympathetic  ganglia  and  of  the  spinal  cord  show  no  changes.  The  sensory  nuclei  of 
the  brain  (gracile  and  cuneate  nuclei,  optic  thalamus)  show  profound  loss  of  Xissl 
granules,  indicative  of  cell  exhaustion.  The  motor  nuclei  (Betz  cells  of  precentral 
cortex,  motor  nuclei  of  medulla  and  pons,  lenticular  nucleus)  are  normal.  The  Purkinje 
cells  of  the  cerebellum,  as  Professor  Crile  has  pointed  out  in  all  his  writings,  show 
considerable  loss  of  Xissl  granules  in  most  cases.  In  one  case  the  vagus  nuclei  had  lost 
all  its  granules. 

No  one  is  more  conscious  than  I  am  that  research  by  this  laborious  method  needs 
to  be  extended  to  many  more  cases  and  controls  before  these  generalizations  can  be  safely 
accepted  ;  but  they  appear  to  me  to  suggest  that  the  violent  nociceptive  (painful,  or,  in 
an  anaesthetized  patient,  potentially  painful)  impulses  passing  up  to  the  brain  wear  out 
first  the  sensory  nerve  nuclei  and  then  the  great  vital  centres. 

It  is  well  known  that  similar  changes  can  be  induced  in  nerve  cells  by  exhaustion, 
and  that  the  normal  appearance  of  the  cells  can  be  restored  by  sleep.  Here  we  find  the 
rationale  for  the  sleep  treatment  of  shock  on  which  Professor  Crile  has  rightly  laid  such 
stress. 

PREVENTION  AND  TREATMENT  OF  SHOCK. 

I  do  not  propose  to  enter  very  fully  into  this  subject,  but  to  give  a  personal  impression 
of  measures  in  general  use.  In  practice — in  war  surgery — it  is  nearly  always  the  shock- 
haemorrhage  syndrome  that  one  has  to  treat. 

Fluids. — There  is  no  doubt  as  to  the  value,  slight  but  definite,  of  giving  fluids.  We 
used  a  hot  alkaline  drink  (potassium  citrate)  to  counteract  acidosis.  Tea  or  coffee 
is  good.  Saline  per  rectum  and  saline  subcutaneously  are  often  helpful  up  to  a  certain 
point  ;  but  when  it  comes,  as  it  often  does,  to  a  question  whether  to  get  the  i)atient 
comfortable  and  asleep  imder  morphia,  or  to  worry  him  with  rectal  or  subcutaneous 
saline,  I  prefer  the  sleep  and  morphia  treatment  as  more  merciful  and,  I  think,  more 
efficacious. 

Warmth  is  of  great  value  in  the  prevention,  and  some  value  in  the  cure,  of  slutck. 
Many  excellent  methods  of  applying  it  are  now  well  known. 

Sleep  is  alsa  of  considerable  value.  To  secure  it  one  must  try  to  get  seclusion,  quiet 
(fill  the  patient's  ears  with  wool,  if  necessary),  warmth,  darkness,  and,  usually,  morphia 
in  adequate  doses.  I  do  not  believe  that  any  quantity  of  morphia  will  do  a  patient  any 
harm  if  it  does  not  first  give  him  ease  and  quiet — with  the  very  important  proviso  that 
it  must  be  given  in  divided  doses  at  hourly  intervals  {^-,  ^-  or  even  J-grain  doses  in  the 
worst  cases),  and  that  the  patient's  circumstances  must  be  such  that  he  really  has  a 
chance  to  sleep  if  the  morphia  inclines  him  to.  It  is  not  necessary,  as  Professor  ("rile 
advised,  to  repeat  the  dose  every  hour  imtil  the  respirations  are  reduced  to  twelve  a 
minute  ;  but  I  shall  never  forget  a  case  of  gunshot  fracture  of  the  femur  under  the 
care  of  Lieutenant-Colonel  Dun.  I  saw  the  j)atient  at  2  o'clock,  after  he  had  had  repeated 
l-gr.  doses  since  admission  in  a  state  of  shock  at  10.30  ;    although  he  had  received  over 
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2  grains  of  morphia  in  four  hours,  he  was  awake,  free  from  pain,  his  pupils  were  not  con- 
tracted, and  his  pulse  was  better.  He  did  well.  At  any  rate,  such  a  case  convinced  one 
that  perhaps  in  this  country  we  had  been  too  timid  in  our  use  of  this  most  valuable  drug 
for  patients  in  extreme  pain. 

Drugs. — Adrenalin  is  dangerous.  Strychnine  is  certainly  useless,  and  possibly 
dangerous,  as  Professor  Crile  and  Mr.  Lockhart  Mummer\'  long  ago  pointed  out.  Alcohol 
may  give  a  little  Dutch  courage  to  patients  with  syncope  who  like  it,  but  in  shock  it  does 
nothing  but  harm,  especially  after  ether  or  chlorofonn  has  been  given,  for  in  that  case  it 
has  not  even  the  brief  stimulating  effect  that  may  precede  the  longer  depression.  Pitui- 
tary extract  is  given  on  a  theory  that  shock  is  due  to  arterial  dilatation  ;  the  theory  is 
erroneous,  and  the  drug  is  useless  unless  there  is  an  element  of  intestinal  paralysis  in  the 
ca.se  ;  for  that  condition  it  is  our  best  remedy.  Camphor  is  well  spoken  of  by  some  ;  I 
do  not  use  it,  and  cannot  speak  from  experience.  Digitalin  is,  I  think,  useful  both  on 
theoretical  grounds  and  as  a  matter  of  experience.  One  is  almost  compelled  to  give  some 
hypodermic  remedy,  to  pacify  patients,  friends,  and  nurses.  It  does  not  appear  to  be 
universally  known  how  common  it  is  for  patients"  pulses  to  fail  during  the  later  stages 
of  an  operation,  and  then  to  improve  greatly,  quite  apart  from  any  drug  treatment,  during 
the  stitching  up  and  application  of  dressings.  It  is  this  phenomenon  which  has  given 
a  fictitious  reputation  to  str>'chnine,  pituitarj",  etc.,  in  the  treatment  of  shock  during  an 
operation. 

Transfusion. — Saline  given  intravenously  has  a  definite,  though  very  small,  value  ; 
it  frequently  tides  the  patient  over  a  brief  period,  such  as  an  operation  ;  but  in  a  few 
hours  its  value  is  all  gone,  and  in  the  great  majority  of  cases  death  is  not  averted,  only 
postponed.  I  am  told  by  colleagues  who  have  used  alkaline  transfusion  and  gum,  that 
this  is  no  Ijctter  than  saline. 

With  regard  to  gum  transfusion,  advocated  by  Professor  Bayliss,  it  is  usually  harm- 
less, and  if  given  immediately  after  a  haemorrhage  it  may  be  life-saving  in  animals  ;  but  it 
seems  very  doubtful,  both  experimentally  and  clinically,  whether  it  is  any  use  to  give  it 
several  hours  after.  Moreover,  one  has  a  prejudice  against  leaving  such  an  extraneous 
substance  as  gum  in  the  circulation. 

Blood  Transfusion. — In  my  opinion — based  on  about  40  cases  which  were  given 
blood,  usually  from  15  to  20  ounces,  by  my  colleagues  or  myself — blood  transfusion 
is  far  more  effectual  and  lasting  as  a  remedy  for  the  shock-hsemorrhage  syndrome  than 
any  of  the  other  substances  mentioned.  At  first  we  used  direct  transfusion  from 
the  radial  artery  of  donor  to  the  median  basilic  vein  of  patient.  In  two  cases  it  did 
well  ;  but  in  two  others  I  am  sure  that  verj-  little  blood  passed.  It  is  impossible  to 
know  how  much  one  gives,  and  the  veno-spasm  of  the  recipient  must  often  prevent 
his  receiving  a  single  drop. 

The  method  we  afterwards  used  was  that  described  by  Captain  Robertson,  and 
originally  devised  for  us  (with  some  minor  differences)  by  Captain  Lindsay.  It  was 
worked  out  first  on  rabbits.  Group  IV  donors  were  always  used  after  Captain  Robertson 
had  shown  us  how  to  test  them  out. 

>Miether  blood  transfusion  is  of  the  same  value  for  pure  shock  is  a  more  difficult 
question  ;  but  the  results  were  quite  encouraging  in  some  cases  in  which  the  shock 
clement  was  larger  than  th^  haemorrhage. 

The  observations  and  suggestions  embodied  in  this  paper  are  fragmentary,  and 
need  further  extension  ;  but  they  are  placed  on  record  to  give  interested  workers  on 
this  great  and  important  subject  some  lines  of  approach  which  they  may  care  to  follow 
up.  In  civil  practice  cases  of  severe  shock  are  so  infrequent  that  future  investigation 
may  be  difficult. 

I  have  not  attempted  in  this  communication  to  deal  with  the  voluminous  recent 
literature,  but  have  reserved  that  for  an  article  in  the  forthcoming  volume  of  the 
Medical  Annual. 
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PROTOCOL    OF    OBSERVATIONS    ON     THE     HISTOLOGY     OF     THE    CENTRAL     NERVOUS 
SYSTEM    IN    PATIENTS     DEAD    OF    SHOCK. 

Case  1. — Man.  Fell  from  ladder.  Fractured  pelvis,  fractured  hurucrus,  retroperitoneal 
hH?matoma.     There  was  no  external  haemorrhage.     Died  2J  hours  after  injury. 

Case  2. — Pte.  C.  Riui  over  by  a  lorry.  Admitted  suffering  from  crushed  chest,  in  extreme 
pain.     No  external  wound.     Died  24  hours  after  injury. 

Autopsy  showed  pulping  of  the  whole  of  the  left  lung,  fracture  of  seventh  and  eighth  ribs, 
and  1^  pints  of  blood  in  the  pleura. 

Case  3. — Pte.  S.  Gunshot  wound  of  back,  with  fractured  spine,  woimd  entering  the  abdomen  ; 
also  multiple  wounds  of  legs.     Had  lost  much  blood.     Died  4  hours  after  wounding. 

Case  4  (Control  case). — Pte.  G.  Injury  of  head,  not  penetrating  skull.  Died  about  48  hours 
after  injury,   without  recovering   consciousneJ^s. 

Changes  in  Nerve  Cells. 


NlTLElS 

Case  l 

CA.se  2 

Case  3 

Case  4 

Posterior     root     ganglion 

Normal 

_ 

(left  seventh  dorsal) 

Spinal  cord,  anterior  horn 

— 

Normal 

Normal 

— 

„         „    posterior  horn 

— 

Normal 

Normal 

— 

,,         „     lateral  horn 

— 

Normal 

Normal 

— .- 

Precentral  cortex  (Betz) 

— 

Normal 

Normal 

Granules  reduced 

„               „  (other  cells) 

• — 

Clranules  deficient 

Normal 

Granules   almost    ab- 
sent 

Postcentral  cortex 

Granules      only 
well-marked  in 
half  the  cells 

Granules   deficient,  - 
some  cells  empty 

Optic  thalamus   . . 

All  cells  almost 
devoid  of  gran- 
ules 

Almost   no   granules 

Almost  no  granules 

Cerebellum  (Purkinje)    .  . 

Normal 

Deficient  in  gran- 

Granules   very    defi- 

Granules   very     defi- 

ules 

cient 

cient 

Medulla    gracile  nucleus 

No  granules 

No  granules 

Almost  no  granules 

Some  deficient,  some 

normal 
Some  deficient,  some 

„      cuneate      „ 

No  granules 

No  granules 

Almost  no  granules 

normal 

„      inferior  olive 

Mostly  normal 

Granules  deficient 

Granules  deficient 

Almost  no  granules 

„      Xllth  nucleus 

Normal 

Normal 

Normal 

Normal 

„      Deiter's      „ 

Granules     re- 
duced 

Normal 

Rather    reduced    in 
granules 

— 

„      arcuate      „ 

— 

Normal 

— - 

— 

„      nucleus  lateralis 

. 

Normal 

— 

Granules  deficient 

,,             ,,     ambiguus 

No  granules 

Almost  no  granules 

Normal 

Pons,   Vlth  nucleus 

Normal 

Normal 

-- 

— 

„      Deiter's    „ 

— 

Normal 

— 

— 

„       superior  olive 

— 

Normal 

— 

— 

„      nucleus  pontis 

— 

Granules   about 
half  n,ormal 

— 

— 

Substantia  nigra 

— 

— 

Normal 

— 

Ilird  nucleus 

— 

— 

Normal 

— 

Red 



— 

Normal 

— 

Lenticular  nucleus 

— 

— 

Normal 

— 
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A    NEW    SYSTEM    OF    LOCALIZATION    AND    EXTRACTION    OF 
FOREIGN  BODIES  IN  THE  BRAIN  :    A  PRELIMINARY    NOTE. 

By  Captain  J.  NEVVBERY  FERGUSSOX,  R.A.M.C.  (T.C.) 

About  two  years  ago,  as  officer  in  charge  of  the  ^--ray  department  of  a  general  hospital 
at  a  base,  I  had  occasion  to  examine  a  series  of  gunshot  wounds  of  the  head.  A  retained 
missile  was  localized  in  a  considerable  number  of  the  cases  examined,  and  in  some  of 
these  operation  was  performed  for  extraction.  I  was  present  at  most  of  the  operations, 
and  gradually  came  to  realize  that  the  methods  of  extraction  were  far  from  ideal.  It 
seemed  almost  waste  of  time  to  determine  the  exact  situation  of  the  foreign  body  in 
relation  to  surface  landmarks,  when  the  localization  was  applied,  at  operation,  merely 
by  visualizing  the  measurements.  The  use  of  a  finger,  too,  as  an  exploring  instrument, 
did  nothing  to  dispel  the  idea  that  our  operative  methods  were  imperfect.  It  is  true  that 
in  most  cases  the  missile  was  extracted,  but  often  at  the  sacrifice  of  a  considerable  amount 
of  brain  tissue. 

Convinced  of  the  necessity  for  improved  technique,  I  devoted  much  thought  to 
devising  a  system  of  extraction  which  would  reduce  the  operative  trauma.  The  idea  of 
enabling  the  surgeon  to  take  full  advantage  of  an  accurate  ar-ray  localization,  by  substi- 
tuting mechanical  control  of  the  extracting  instnmient  for  visualization  and  digital 
exploration,  particularly  appealed  to  me,  and  the  following  notes  outline  its  ultimate 
development. 

The  difficulties  and  dangers  of  the  ordinan,-  methods  of  extraction  can  be  summarized 
for  the  purposes  of  this  paper  in  a  few  lines.  In  the  absence  of  any  instrumental  guide, 
it  is  difficult,  and  often  impossible,  to  make  use  of  the  x-ray  localization  with  any  degree 
of  precision.  The  missile  can  seldom  be  seen,  and  exploration  of  the  brain  cannot  be 
carried  out  with  the  same  impunity  as  in  many  other  parts  of  the  body.  Though  the 
foreign  body  may  be  felt  with  a  probe,  it  is  nevertheless  difficult  to  grasp,  and  consider- 
able damage  may  be  done  before  it  is  extracted.  The  practice  of  introducing  the  finger 
along  the  track  makes  the  extraction  easier  ;  but  this  technique  is  dangerous,  especially 
when  the  missile  is  deeply  situated,  because  it  causes  mechanical  trauma,  and  aids  the 
spread  of  sepsis,  partly  by  physical  dissemination  of  organisms,  but  perhaps  to  a  greater 
extent  by  opening  up  IvTiiph  spaces  and  thus  generalizing  a  local  infection.  If  this 
damage  could  be  reduced  to  the  minimum,  it  would  seem  just  as  reasonable  a  procedure 
to  extract  a  foreign  body  from  the  brain  as  from  any  other  part. 

In  devising  the  method  presently  to  be  described,  the  chief  considerations  I  had  in 
view  were  that  it  should  enable  the  operator  to  apply  the  information  conveyed  by  a;-ray 
locaUzation  with  the  utmost  precision,  and  should  admit  of  extraction  being  performed 
with  the  minimum  of  avoidable  damage,  either  along  the  track  of  entrj'  or  through  a 
fresh  wound  in  any  more  convenient  situation.  The  accompanying  photographs  illustrate 
the  apparatus  which  I  have  had  made  for  this  purpose. 

It  will  facilitate  comprehension  of  the  underlying  idea  if  I  compare  it  with  the  artillery 
system  of  '  indirect  fire,"  to  which  it  bears  in  some  respects  a  close  resemblance.  Just 
as  a  gunner  can  hit  a  concealed  target  when  its  direction  and  range  from  the  firing  point 
have  been  ascertained,  so  by  the  use  of  this  apparatus  can  the  surgeon  extract  a  foreign 
body  from  the  brain  after  its  direction  and  distance  from  the  operation  wound  have  been 
indirectly  determined.  The  gun  is  represented  in  the  apparatus  by  a  tubular  guide,  held 
rigidly  close  to  the  wound,  and  aimed  through  it  at  the  concealed  foreign  body  in 
a  manner  to  be  described.      A    long,   slender,    cylindrical-stemmed    forceps,  capable   of 
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sliding  throiijih  the  tubular  guide  without  resistance,  takes  the  place  of  the  shell  ;  and 
tlie  distance  at  which  it  will  be  able  to  grasp  the  foreign  body,  when  pushed  into  the  brain 
along  the  guide,  represents  the  range.  The  gunner  'lays'  his  gun  by  bringing  his  dial- 
sight  to  bear  on  an  aiming-post,  or  some  conspicuous  object  in  the  landscape  ;  the  surgeon 
also  makes  use  of  an  'aiming-post,'  as  will  be  explained  later.  Certain  parts  of  the 
apparatus  which  enable  the  tubular  forceps-guide  to  be  mananivred   into  {)osition  and 


Kl(;.''.'J39. — Method  of  obtaining'  double-expcsure  netrative.  The  patipiit  is  so  jjlaced  that  the  median  plane  of  the 
head,  with  attaolie<J  apparatus,  lies  horizontally,  the  weight  of  the  head  being  borne  by  a  hea<l-rest  consistinj^  of  a  three- 
sided  box  across  wliicli  haiitw  a  canvas  sling  controlled  at  its  ends  by  rollers.  The  head  is  lowered,  aft«r  attachment  of 
the  apparatus,  until  the  latter  just  touches  the  upper  edge  of  the  head-rest,  in  which  position  it  is  perfectly  immobile. 
The  x-ray  plate  lies  above  on  tJiree  supports  attached  i)erpcndicularly  to  the  semicircle ;   the  r-ray  tube  is  below. 


maintained  there,  may  be  compared  with  the  mounting  of  the  gun  ;  while  the  steel  semi- 
circle partly  surrounding  the  skull,  to  which  it  is  rigidly  fastened,  serves  to  support  the 
whole  apparatus,  and  may  be  said  to  correspond  to  the  concrete  platform  on  which  the 
gun  stands.  The  essential  feature  of  the  apparatus  is  that  it  enables  the  oj)erator  to 
direct  a  forceps  of  special  design  through  the  brain  with  such  precision  that  the  missile 
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is  grasped  and  extracted  without  the  use  of  any  other  instrument,  or  of  a  finger  in  the 
wound. 

The  apparatus  consists  essentially  of  a  steel  semicircle  which  can  be  fixed  rigidly  to 


Fig.  540. — Double-exposure 
iiegatire.  The  points  of  the 
plate-sup{>orts,  havin<r  been  in 
virtual  contact  with  the  plate, 
cast  but  one  shadow  each  ;  the 
niissUe  casts  a  double  sliadow. 
The  skull  appears  as  a  blurretl 
shallow,  due  to  the  orerlappini: 
of  the  two  iinasreis ;  this  is  the 
explanation,  also,  of  its  a{>parent 
shortness.  This  ueirative  belonl^i 
to  Cane  t. 


-\.  HI 
*■»---   "^^^"^^B  I  -^ ■ 


YUi.  341. — -Localization 
by  Mackenzie  David.»ionV 
cross  -  tliread  localizer. 
The  apparatas  stands  on 
t^e  negative  in  an  inver- 
ted position,  with  the 
points  of  the  plate-sup- 
portti  in  correct  register 
with  their  shadows.  The 
points  of  suspension  of 
the  threads  correspond 
with  the  positions  of  the 
focal  point  of  the  tube 
during  the  two  exposures. 
The  needles  holding  the 
lower  ends  of  the  threads 
rest  on  the  shadows  of 
the  foreign  body.  The 
indicatuig  probe  has  been 
set  to  mark  the  point  of 
crossing  of  the  threads, 
i.e..  the  position  of  the 
foreign  body  in  relation 
to  the  apparata-i. 


the  head  in  the  sagittal  plane  by  means  of  three  pointed  rods  which  fit  into  recesses  drilled 
to  receive  them  in  the  outer  table  of  the  skull.  The  provision  of  registering  collars  on 
the  rods  makes  it  possible  to  remove  the  apparatus  from  the  head  and  restore  it  to 
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|.)osition  without  any  error.  Special  instruments  are  used  to  make  the  lioles  in  the  outer 
table  of  the  skull,  the  operation  being  effected  through  a  5-mm.  incision.  The  incising 
and  boring  instruments  are  used  through  the  sleeves  which  hold  the  fixing  rods,  thus 
ensuring  that  the  holes  shall  be  drilled  in  precisely  the  right  places.  It  is  then  (juite  easy 
to  'feer  the  points  of  the  fixing  rods  into  the  holes. 

The  head  with  attached  ai)paratus  is  photographed  laterally  by  the  double  exposim- 
method  {Fig.  339),  the  plate  being  supported  on  three  uprights  attached  perpendicularly 
to  the  semicircle  ;    from  the  negative  {Fig.  310)  thus  obtained  the  position  of  the  missile 


Fig.  342. — Apparatus  attaclied  to  head  at  time  of  operation.  Tiie  tubular  forcep.s-^uide  has  been  placed  opposite 
the  wound  throuah  which  extrac'tion  is  to  be  i>erformed.  Tlie  placing  of  the  f,'uide  in  any  desired  position  is  rendered 
possible  by  means  of:  (I)  A  ball-and-socket  joint  controlled  by  a  butterfly  nut,  supportinp  (2)  A  sleeve  furnished  with 
two  thumb-screws,  one  of  which  can  suppress  loniritudinal  movement,  and  the  other  revolution  of  the  st«m  which  pas.ses 
throucli  it ;  and  (3)  A  joint  between  the  tubular  part  of  the  guide  and  the  stem  (which  might  be  described  as  a  '  one- 
pronged  fork')  ;  this  joint  can  be  rendere<J  rigid  by  tightening  the  little  hexagon  nut  with  a  clock-key  spanner.  When 
the  guiile  has  been  placed  in  the  position  desired,  the  butterfly  nut  of  the  ball-and-socket  joint,  and  the  screw  on  the  sleeve 
controlling  longitudinal  movement  of  the  stem,  are  tightened.  The  other  screw  and  the  hexagon  nut  are  left  loose.  The 
result  is  that  the  guide-tube  is  fixed  in  position,  but  its  direction  is  still  capable  of  being  modified  to  enable  it  to  aim  at 
the  foreign  body. 

The  joints  are  provided  with  spring  washers.  When  tightly  screwed  up  they  are  perfectly  rigid  ;  but  when  uascrewetl 
a  little  they  can  be  moved  with  sufficient  resistance  to  prevent  the  component  parts  from  moving  by  their  mere  weight. 


relative  to  the  apparatus  is  determined  by  the  cross-thread  method  of  localizing  {Fig.  3il). 
This  position  is  marked  by  the  point  of  a  probe  fixed  to  the  apparatus  in  such  a  way  that 
it  can  be  removed  and  restored  accurately  to  position  whenever  necessary. 

When  the  operator  is  ready  to  perform  extraction,  the  apparatus,  sterilized  in  any 
convenient  way,  is  fixed  to  the  head  exactly  as  before,  so  that  it  comes  to  occupy  the 
same  relation  to  the  foreign  body  as  at  the  time  of  x-ray  examination  {Fig.  342).  The 
tubular  forceps-guide  already  alluded  to  is  now  placed  in  position  over  the  wound  through 
which  it  is  proposed  to  extract  the  foreign  body.      On  reference  to  Figs.  342,  343,  344,  it 


LOCALIZATION   OF   FOREIGN   BODIES   IN   BRAIN    413 

will  be  seen  that  the  forceps-guide  is  attached  to  the  semicircle  by  a  device  which  enables 
it  to  be  placed  in  any  p>osition,  and  to  be  fixed  rigidly  when  desired.  The  end  of  the  tube 
next  the  wound  is  supported  in  a  kind  of  universal  joint,  about  which  the  other  end  is 
free  to  move  ;  but  once  manipulated  into  correct  position,  it  can  be  fixed  there  securely. 
The  next  step  is  to  make  it  aim  accurately  in  the  direction  of  the  missile,  and  to  determine 
the  depth  at  which  the  forceps  will  be  able  to  grasp  the  object.    To  enable  this  to  be  done. 


Fig.  343. — ^The  sector  carrrin?  probe-guide  and  forceps^gnide  has  been  swung  aside.  The  probe  having  been  "placed 
in  position,  the  forceps,  introduced  throush  its  guide,  has  been  manipulated  to  seize  the  point  of  the  probe.  This 
operation  Ls  rendered  easier  if  the  point  of  the  probe  is  covered  with  a  small  ball,  as  shown  in  the  phot<Kraph.  The  forceps 
is  described  in  the  text.  Observe  the  short  piece  of  rubber  tube  on  the  stem  of  the  forceps,  which  has  been  slid  up^lnto 
contact  with  the  end  of  the  guide-tube.  ^ 

The  probe  and  forc^is  must  be  withdrawn  before  the  sector  can  be  restored  to  position. 


that  part  of  the  apparatus  which  supports  the  probe-guide  and  forceps-guide  is  temporarily 
swung  out  of  position  {Fig.  3-13)  by  releasing  a  couple  of  thimib-screws,  this  procedure 
being  more  convenient  than  the  alternative  of  remoxing  the  whole  apparatus  from  the  head. 
The  probe  having  been  placed  in  position  in  its  guide,  the  tubular  forceps-guide  is  made  to 
aim  correctly  by  inserting  the  forceps  and  manipulating  it  until  it  grasps  the  point  of  the 
probe,  which,  it  will  be  understood,  indicates  the  jwsition  of  the  missile.  The  forceps- 
guide  is  now  fixed  rigidly  in  its  position,  and  a  short  piece  of  rubber  tubing  on  the  stem  of 
VOL  VI.— NO.   23.  28 
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the  forceps  is  slid  up  into  contact  with  the  free  end  of  the  guide,  to  register  the  depth  at 
which  the  forceps  will  be  able  to  grasp  the  missile.  After  withdrawing  forceps  and  probe, 
the  part  of  the  apparatus  supporting  their  guides  is  replaced  in  position.  The  forceps- 
guide  conies  thus  once  more  opposite  the  wound,  but  it  now  aims  correctly  at  the  foreign 
Imdy  {Fig.  344). 

The  forceps,  lubricated  with  a  little  sterile  oil,  is  introduced  through  the  guide,  and 
gently  pushed  into  the  brain  until  within  a  short  distance  of  the  depth  at  which  the  blades 
can  grasp  the  missile,  as  indicated  by  the  apjiroach  of  the  short  piece  of  india-rubber  tube 
on  the  stem  to  the  free  end  of  the  forceps-guide.  If  there  is  any  marked  difference  in 
the  length  of  the  principal  diameters  of  the  missile,  the  forceps  must  be  given  the  correct 
orientation  to  grasp  it  by  its  smallest  diameter.  It  is  assumed  that  the  radiographer 
has  formed   a   fairly   accurate   opinion   of  the   size,   shape,   and   lie   of  the   missile   from 


Fig.  344. — .Setter  atraiii  in  pasition.  Tlie  forceps-Kuide  now  has  correct  direction,  i.e.,  it  aims  at  the  foreign  body. 
The  forceps  lias  been  introduced  closed  until  within  a  shore  distance  of  the  foreijrn  body,  as  indicated  by  the  approach  of 
the  piece  of  rubber  tubinj;  on  it-s  stem  to  the  end  of  the  fjuide.  It  is  at  this  stage  that  the  jaws  should  be  opened  before 
the  final  advancement  to  prasp  the  foreitjn  body.  Observe  the  graduated  scale  near  the  finger-rings  of  the  forceps  which 
indicates  the  degree  of  separation  of  the  jaws. 


preliminary  examination,  preferably  from  two  plates  taken  in  planes  at  a  right  angle. 
The  estimated  size  of  the  missile  will  determine  how  far  the  forceps  should  be  introduced 
before  opening  the  jaws,  and  also  the  degree  of  opening  necessary  to  enable  the  missile 
to  be  grasped.  The  jaws  having  been  opened  to  the  extent  required,  as  indicated  by  a 
small  scale  near  the  loops  of  the  handles,  the  forceps  is  introduced  the  remainder  of  the 
distance,  i.e.,  until  the  piece  of  rubber  tube  on  the  stem  comes  into  contact  with  the 
free  end  of  the  guide.  The  jaws  should  now  embrace  the  foreign  body,  and  the  sensation 
on  closing  the  handles  should  enable  the  operator  to  feel  that  it  has  been  grasped.  On 
withdrawing  the  forceps  with  the  missile  in  its  grasp,  progress  will  be  arrested  as  soon 
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as  the  jaws — now  open  to  an  extent  depending  on  the  size  of  the  missile — come  in  contact 
with  the  guide.  To  meet  this  difficulty,  the  guide  is  made  in  two  sections,  one  of  which 
can  easily  be  slid  off,  enabling  extraction  to  be  completed  without  altering  the  position  of 
the  guide. 

•As  the  fixed  section  of  the  guide-tube  remains  in  position,  it  can  be  used  to  facilitate 
the  introduction  of  a  drain,  if  the  operator  so  desires.  As  an  example,  a  glove  finger  or 
a  small  roll  of  "rubber  dam*  is  seized  in  the  forceps  by  means  of  which  extraction  has  just 
been  performed,  and  is  introduced  with  perfect  accuracy  into  the  cavity  recently  occupied 
by  the  missile,  by  passing  the  forceps  along  the  guide  to  the  depth  indicated  by  the 
rubber  collar  on  the  stem.  The  operation  is  completed  in  the  usual  way,  after  removing 
the  apparatus. 

In  this  brief  sketch  it  has  been  necessary  to  suppress  a  great  deal  of  technical  detail 
connected  with  localization  ;  but  it  may  be  stated  that  the  special  technique  of  the 
process  renders  it  accurate  within  a  negligible  degree  of  error.  I  have  also  omitted  much 
that  might  be  said  on  the  subject  of  extraction. 

As  regards  mechanical  details  of  the  apparatus,  the  illustrations,  with  the  explan- 
atory notes  accompanying  them,  must  for  the  present  suffice  ;  but  an  exception  must 
be  made  in  favour  of  the  forceps,  which  requires  special  mention.  This  resembles 
'crocodile*  forceps  in  general  outline,  but  differs  from  them  in  that  both  jaws  open  and 
close  together  and  equally.  The  stem  is  long,  slender,  and  cylindrical,  5  mm.  in  diameter, 
about  the  size  of  a  No.  8  catheter.  The  jaws  are  slightly  hollowed,  and  finely  serrated. 
They  taper  together  to  a  sharp  flat  end,  so  that  when  closed  the  instrument  resembles 
a  long  slender  screw-driver.  Being  considerably  less  in  diameter  than  the  average  foreign 
body  usually  described  as  'worth  going  for,"  the  forceps  possesses  obvious  advantages  over 
ordinary-  means  of  extraction.  Its  sectional  area  is  only  one-sixteenth  of  that  of  the 
average  forefinger;  it  goes  straight  to  its  work  without  any  'hunting  about";  and 
its  length  is  such  that,  theoretically,  it  can  be  used  to  extract  from  any  depth.  It 
is  to  be  noticed  that  the  depth  of  the  foreign  body  does  not  in  any  way  influence  the 
accuracy  of  the  instrument.  In  one  case,  for  instance,  I  extracted  a  small  piece  of  metal 
along  its  track  of  entry  from  a  depth  of  3|  in.  In  cases  of  late  extraction  performed 
through  a  healing  wound,  the  use  of  the  forceps  should  reduce  the  risk  of  breaking  down 
the  adhesions  which  form  between  the  meninges  and  neighbouring  tissues  and  tend  to 
limit  the  spread  of  sepsis  along  the  surface  of  the  brain.  Extraction  of  foreign  bodies 
gi\-ing  rise  to  s\Tnptoms  long  after  healing  of  the  original  wound,  might  be  performed 
with  much  less  mechanical  trauma  than  is  possible  by  ordinary-  means.  In  short,  when 
(as  in  most  cases)  the  diameter  of  the  foreign  body  exceeds  that  of  the  forceps,  the 
purely  mechanical  damage  done  in  the  course  of  extraction  will  usually  be  limited  to 
that  necessarily  caused  by  the  missile  itself. 

To  illustrate  the  application  of  the  method,  I  append  short  descriptions  of  two  cases, 
one  of  which  is  chosen  because  it  shows  under  what  circumstances  failure  is  apt  to  occur. 

Case  1. — Pte.  S.  H.,  Royal  Irish  Rifles,  age  23,  wounded  Aug.  16,  1917,  was  admitted  to  a 
base  hospital  on  Aug.  21,  under  the  care  of  Lieut.-Col.  T.  P.  Dunhill,  A.A.M.C.  The  entrance 
wound  was  on  the  right  side,  at  the  level  of  the  lobe  of  the  ear,  and  the  track  passed  inwards  and 
upwards,  through  the  ascending  ramus  of  the  jaw  and  the  base  of  the  skull,  and  the  missile, 
having  crossed  the  mid-line,  finally  came  to  rest  in  the  posterior  part  of  the  left  frontal  lobe,  ^  in. 
from  the  superior  longitudinal  fissure  and  1^  in.  from  the  surface. 

Abstract  of  Clinical  Xotes. — Aug.  21,  both  eyes  closed  from  very  great  ecch\Tnosis 
of  lids,  and  subconjunctival  oedema.  Right  eye — some  proptosis  ;  cornea  clear  ;  iris 
bright  ;  pupil  larger  than  that  of  left  eye  ;  ocular  movements  limited  ;  definite  optic 
neuritis  ;  swelling  1-5  D.  Left  eye — normal  except  for  indistinctness  of  outline  of  disc, 
with  no  definite  swelling.  Can  count  fingers  with  either  eye.  Diplopia  except  when 
looking  straight  ahead.  Babinski  great-toe  phenomenon  present.  No  other  neurological 
signs.     Temperature   98°-99°  ;  pulse   68-58. 

Aug.  26. — Optic  neuritis  more  marked.  Right  ei/e— swelling  ID.  Left  eye — 
swelling  3D.     Temperature  100°  ;    pulse  44. 
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Col.  Diinhill  kindly  invited  my  collaboration  in  this  case,  and  operation  was  ijcrfornu'd  on 
Aufi.  27.  After  localization  had  been  completed  in  the  manner  already  outlined,  Col.  Diniiiill 
exposed  the  dura  throujjh  a  larjie  quadrilateral  openinji  whose  centre  was  about  2  in,  above 
the  left  external  anjrular  process,  and  the  forcejjs,  havinji;  l)cen  jriven  the  proper  settinji,  was 
introduced  throujih  a  small  crucial  incision.  This  mode  of  approach  was  chosen  because  it  was 
obviously  impossible  to  extract  the  missile  alonjr  its  track  of  entry.  The  attempt  to  jjrasp  the 
missile  was  not  successful,  but  the  reason  for  failure  was  at  once  evident  when  pus  and  jjas 
bubbles  gushed  out  alonjj  the  stem  of  the  forceps  :  an  abscess  cavity  existed  in  whicli  the  missile 
was  free  to  move.  Foreseeinjr  this  eventuality,  we  had  fjiven  orders  that  the  patient  was  not  to 
be  moved  from  the  position  in  which  he  was  arrayed  until  the  operation  was  completed  ;  but  as 
he  was  carried  from  the  .r-ray  room  to  the  adjoinini;  theatre  in  the  arms  of  orderlies,  there  is  little 
doubt  but  that  the  foreign  body  was  given  an  opportunity  of  moving.  The  abscess  cavity  contained 
about  a  drachm  of  pus  mixed  with  gas  bubbles,  and  on  exploration  the  foreign  body  was  detected 
lying  in  it,  as  far  as  could  be  judged  about  ^  in.  from  the  position  where  it  was  expected  to  be 
found.  It  was  "vomited  out'  soon  after  exploration  of  the  cavity,  and  proved  to  be  a  chip  of 
steel  8  or  4  mm.  thick,  whose  outline  was  irregularly  ovoid,  with  a  major  axis  of  about  12  mm.  A 
glove-finger  drain  was  inserted,  and  the  wound  partially  closed. 

A  month  after  the  operation,  both  wounds  (entrance  and  operation)  were  completely  healed, 
and  there  was  no  pain.  The  oculist  reported  that  there  was  no  swelling  of  the  discs,  and  apart 
from  some  want  of  definition  of  their  edges,  nothing  abnormal  to  be  detected  in  the  fundi  ;  the 
right  eye  had  receded,  but  its  movements  were  still  limited,  and  there  was  diplopia,  with  upward 
and  downward  movements.  The  patient  was  evacuated  to  England  about  the  beginning  of 
December,  1917,  but  he  had  been  walking  about  long  before  that  date. 

It  must  be  acknowledged  that  the  attempt  to  extract  the  foreign  body  with  forceps 
was  a  failure  ;  but  the  operation  was  successful  in  every  other  detail,  and  illustrates  the 
use  of  the  apparatus  in  its  minor  role — as  an  indicator. 

Case  2. — Pte.  J.  B.  W.,  2nd  H.A.C.,  age  29,  wounded  Oct.  9,  1917,  was  admitted  to  another 
base  hospital  two  days  later.  The  wound  of  entry  was  in  the  left  temporal  region.  The  notes 
on  the  case  record  partial  aphasia,  right  hemiplegia,  right  knee-jerk  absent,  extensor  response  to 
plantar  stimulation  on  right  side,  bladder  and  rectum  normal,  temperature  normal,  pulse  84. 
A'-ray  examination  (stereoscopic  plates)  showed  the  presence  of  a  small  foreign  body  in  the  left 
side  of  the  brain,  in  the  region  of  the  upper  end  of  the  Rolandic  area,  its  depth  from  the  surface 
being  estimated  at  3 J  cm.  It  had  entered  the  skull  through  a  small  punctured  fracture  \\  in. 
posterior  to  the  external  angular  process,  and  immediately  behind  the  groove  for  the  anterior 
division  of  the  middle  meningeal  artery. 

As  the  patient's  condition  seemed  to  be  getting  worse,  operation  was  performed  on  Oct.  16. 
The  missile  was  localized  in  the  manner  already  described,  and  as  there  was  a  considerable  interval 
between  it  and  its  wound  of  entry,  it  was  judged  expedient  to  extract  it  through  a  fresh  wound. 
Accordingly,  Major  G.  de  la  Cour  exposed  the  dura  mater  between  the  left  parietal  eminence 
and  the  sagittal  suture,  by  removing  bone  of  the  size  of  a  two-shilling  piece.  The  apparatus 
having  been  replaced  on  the  skull,  the  direction  and  depth  of  the  missile  were  determined  as  pre- 
viously described.  A  small  incision  was  made  in  the  dura,  and  the  forceps  was  advanced  through 
the  brain  with  the  proper  orientation.  The  missile  was  grasped  and  removed  without  the  slightest 
difficulty.  It  was  a  piece  of  steel,  10  mm.  long  by  5  mm.  broad.  As  there  was  no  evidence  of 
sepsis,  the  wound  was  closed  without  drainage.  The  wound  of  entry  appeared  clean,  and  so 
received  no  special  treatment. 

A  day  or  two  after  operation,  considerable  improvement  in  the  general  condition  was  noted, 
the  aphasia  was  markedly  less,  and  the  patient  was  able  to  recognize  the  man  in  the  adjoining 
bed.     His  further  progress  was  rapid,  and  he  was  evacuated  to  England  ten  days  after  operation. 

A  letter  from  England,  dated  Dec.  27,  1917  (about  ten  weeks  after  operation),  from  which 
I  quote  a  few  lines,  records  continued  progress  : — 

I  am  glad  to  tell  you  he  is  going  on  splendidly.  He  has  free  use  of  his  right  leg, 
and  it  is  just  his  foot  that  is  not  working  now.  His  right  arm  also  is  going  on  well  ;  he 
can  wave  it  about,  and  almost  shake  hands.  The  fingers  have  not  much  use  so  far,  so 
he  is  unable  to  write.     He  can  read,  and  he  never  feels  any  pain  in  his  head. 

I  notice  a  difference  in  him  every  week,  and  he  is  so  cheerful.  His  voice  is  all 
right  again  ;  at  first  he  used  to  hesitate  rather  a  lot.  Now  he  says  that  if  he  speaks 
slowly  he  does  not  find  any  words  difficult. 

The  negative  reproduced  in  Fig.  340  belongs  to  this  case,  and  illustrates  the  only 
difficulty  that  occurred  in  the  operation.  The  incision  for  the  posterior  fixing-rod  was 
made  a  trifle  too  low,  just  below  instead  of  just  above  the  external  occipital  protuberance, 
and  the  tough  ligamentum  nuch;c  made  it  a  little  diflicult  to  fit  the  fixing-rod  into  the 
hole  made  to  receive  it  in  the  outer  table  of  the  skull. 
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The  fact  that  the  instrument  is  designed  primarily  to  perform  extraction,  and  not 
merely  to  facilitate  it,  should  serve  to  distinguish  it  from  the  many  varieties  of  indicating 
instruments  already  in  use.  Though  they  are  often  of  value  in  other  parts  of  the  body, 
where  a  good  exposure  can  be  obtained  and  exploration  does  little  harm,  such  instruments 
are  ob\iously  less  suited  for  use  in  brain  cases. 

It  is  ine\itable  that  any  ^vritten  description  must  convey  the  impression  to  the 
reader  that  the  use  of  the  apparatus  is  full  of  complexities,  but  five  minutes'  demonstration 
with  a  skull  would  show  that  such  is  not  really  the  case.  Pro\ided  that  the  instrument  is 
used  with  care  and  exactitude — much  of  the  technique  for  ensuring  which  is  omitted  from 
this  description — there  is  nothing  difficult  about  it. 

With  a  few  minor  exceptions  the  whole  of  the  apparatus  has  been  made  to  my  design 
by  a  clever  French  mechanic. 

In  conclusion,  I  have  to  thank  the  commanding  officers  of  the  hospitals  in  which  the 
two  above-mentioned  cases  were  treated,  Colonel  J.  A,  Dick,  A.A.M.C.,  and  Lieutenant- 
Colonel  S.  G.  Butler,  D.S.O.,  R.A.M.C.,  for  kindly  allowing  me  to  report  them. 
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A    STUDY    OF    A    SERIES    OF    PERIPHERAL    NERVE    INJURIES 
FROM    A    SURGICAL    ASPECT. 

By    Buevkt-Major    J.    L.    JOYCE,    H.A.M.C.  T. 
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INTRODUCTION. 

This  paper  is  devoted  to  the  study  of  the  surgical  treatment  of  war-injured  nerves.  The 
writer  has  dwelt  mainly  on  the  operative  treatment.  Not  that  he  minimizes  the  importance 
of  the  pre-operative  and  post-operative  treatment,  involving  the  various  resources  of 
physiotherapy  and  the  employment  of  prosthetic  appliances.  On  the  contrary,  the 
importance  of  each  item  of  such  treatment  is  thought  to  be  of  sufficient  magnitude  to 
deserve  a  separate  and  special  study.  In  the  treatment  of  every  case  of  nerve  injury, 
frequent  collaboration  and  consultation  between  surgeon,  neurologist,  masseur,  and 
electrotherapeutist  is  a  sine  qua  non  of  a  successful  result. 

Before  the  war  nerve  injuries  were  relatively  few  in  number.  The  surgeon  had  at 
his  disposal  many  objective  findings  from  physiological  and  histological  research,  but 
few  if  any  case-histories  from  which  to  draw  conclusions.  Thus,  it  seems  to  the  writer, 
has  a  tendency  sprung  up  to  elucidate  and  confirm  the  former  by  the  latter.  Such  a 
method  can  only  lead  to  artificial  conceptions.  Now  that  such  a  large  amount  of  clinical 
material  has  become  available,  the  opposite  method  must  be  adopted.  With  this  end  in 
view,  and  in  the  hope  that  fresh  light  may  be  thrown  on  the  operative  treatment  of 
injured  nerves,  the  study  of  the  following  series  of  cases  has  been  undertaken. 

The  illustrations  are  the  work  of  Private  Shaw,  R.A.M.C.  ;  the  majority  of  them 
are  finished  copies  of  drawings  made  by  the  writer  immediately  after  operation  ;  the 
remainder  are  original. 

My  thanks  are  due  to  Captain  Johnston,  R.A.M.C,  for  many  useful  criticisms,  and 
to  my  commanding  officer,  Brev'ct-Colonel  W.  J.  Maurice,  R.A.M.C.  T.,  for  his  permission 
to  make  use  of  the  case-histories. 

MATERIAL    AND     RECORDS. 

During  the  period  May,  1915,  to  April,  1918,  150  cases  of  injured  peripheral  nerves 
have  been  under  the  care  of  the  writer  in  a  general  surgical  block  of  a  war  hospital.  Some 
50  additional  cases  have  been  recorded  since  that  date  in  the  special  military  surgical 
section  of  the  same  hospital,  and  many  others  have  passed  under  observation.  A  few  of 
the  latter  are  recorded  in  the  text,  but  are  not  indicated  in  the  statistical  portion  of  the 
paper,  which  is  concerned  only  with  those  admitted  before  April,  1918. 
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At  the  beginning  no  special  method  of  recording  nerve  cases  was  adopted,  but  the 
effort  to  improve  and  standardize  the  records  has  culminated  in  the  adoption  of  a  case- 
record  book  for  the  specific  purpose  of  recording  the  case-histories  of  nerve  injuries.  The 
book  is  com{X)sed  of  loose  sheets,  which- are  used  as  required.*  Thus  has  been  effected  not 
only  an  economy  in  the  labour  of  note-taking,  but  the  certainty  of  a  thorough  and  ordered 
examination  of  each  case. 

Every  effort  has  been  made  to  follow  up  the  cases.  Patients  have  not  been  invalided 
or  discharged  until  all  hopes  of  recovery-  have  vanished,  or  imtil  there  were  clear  signs  of 
improvement.  After  leaving  hospital,  many  have  been  wTitten  to,  and  in  other  cases 
the  medical  attendants  have  been  communicated  with  at  the  patients'  homes.  Some 
few  have  their  homes  in  the  district,  and  have  attended  over  prolonged  periods  as  out- 
patients ;  while  several  have  journeyed  considerable  distances  to  be  seen  and  examined. 
One  patient  was  invalided  to  Canada,  and  returned  to  show  himself  'cured*  eighteen 
months  after  a  partial  neurectomy  and  suture  {Case  12). 

CLASSIFICATIONS    OF    CASES    AND    OPERATIONS. 

Table  I. — Snowixo  thk  Number  and  Distribution  of  the  Cases,  and  the  Relative 
Frequency  of  Injury  of  Different  Nerves  in  the  Series. 


Xo.  or 
Casks 

KELA-nVB 

Xerves  Isvolved 

FREQl-KXCY 

Pkrcextage 

OF  Injury 

Upper  liiiub 

Ulnar 

23 

36 

21 

^lusciilospiral 

18 

19 

11 

Median 

17 

30 

18 

Brachial  plexus    . . 

1.3 

13 

7-5 

Median  and  ulnar 

11 

— 

— 

Circiim8ex 

2 

2 

1-5 

Posterior  interosseous 

2 

3 

2 

Musculocutaneous 

1 

1 

1 

Internal  cutaneous 

1 

2 

1-5 

Suprascapular 

1 

1 

1 

Ulnar  and  posterior  interosseoits     . . 

1 

.  — 

— 

Median,  ulnar,  and  miLsculospiral   . . 

1 

— 

— 

Median  and  internal  cutaneous 

1 

— 

— 

Total 

92 

107 

64-5 

Lower  Limb 

Sciatic,  triuik 

18 

19 

11 

„         external  division    . . 

12 

13 

"•5 

Peroneal 

7 

8 

4-5 

Posterior  tibial     . . 

6 

8 

4-5 

Sciatic,  internal  division    . . 

3 

3 

2-5 

Anterior  crural     . . 

1 

1 

tibial      . . 

1 

1 

Obtitfator 

1 

1 

Musculocutaneous 

1 

1 

1 

External  saphenous 

1 

2 

1-5 

Peroneal  and  posterior  tibial 

. 

— - 

— 

Posterior  tibial  and  external  saphenous 

. — 

— 

Sciatic  trunk  (left)  and  sciatic  exter- 

nal division  (right) 

1 

— 

Total 

54 

57 

35-5 

Other  Nerves 

Supra -orbital 

3 

— 

— 

Cervical  plexus 

1 

— - 

— 

Total 


*  It  hail  been  inten«le<J  to  publish  the  Case  Record  Book  as  an  appendix  to  this  paper,  but  owing  to  the  length  of  the  article 
this  lias  not  been  possible.      The  loose  tonns  can  be'  obtained  from  W.  Tregaskis,  401,  Oxford  Road,  Reading. 
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Table  II. — Xamks  of  the  Xervks,  Numbers  of  ?:ach  Injured,  Cmnicai.  (  iassii  fca- 
TiON,  Number  of  Operations,  and  Operative  Findin(;s. 


Nkrve 


KO.  OF 

Casks 


Median 


30 


Miisciilospiral 


Ulnar 


Bracliial  plexus  . . 

Circumflex 

Posterior 
interosseous 

Musculocutaneous 
Internal  cutaneous 
Suprascapular     . . 

Sciatic,  trunk     . . 


19 


36 


13 


Sciatic,  external 
division 


1» 


Clinical 
Classification- 


Complete 
\    Incomplete 

(     Complete 
I      Incomplete 

(Complete 
Incomplete 


See  under 
special  section 
dealing  with 
brachial  plexus 


Incomplete 
I     Complete 
(      Incomplete 

Complete 
(  Complete 
'-      Incomplete 

Incomplete 

/      Complete 


^      Incomplete 

(     Complete 
(      Incomplete 


22 


18 
1 

12 


11 


OPERATE!! 

Upon 


18 


3 
3 

21 


M 


Opkkative  Findings 


Complete  section 
Neuroma 

Complete  section  . . 
Neuroma 

Neuroma  with  lateral  cicatrix    . . 
Neuroma  with  circular  cicatrix    . . 
Lateral  notch 
Neuroma  with  lateral  notch 
Pressure  of  aneurysm 
Pressure   of  aneurysm  with  neur- 
oma and  lateral  cicatrix 
Contusion* 


Complete  section  . . 

Neuroma    with    involvement 
callus  and  lateral  cicatrix 

Complete  section  . . 
Neuroma  with  lateral  cicatrix 
Neuroma  with  lateral  notch 

Neuroma  with  lateral  cicatrix 
Neuroma  with  circular  cicatrix 
Pressure  of  aneurysm 


(1)  Lateral  cicatrix  on  ulnar  and 
musculospiral 

(2)  Pressure  of  aneurysm  of 
axillary  artery,  with  small  lateral 
cicatrix  of  median 

(3)  Pressure  of  aneurysm  of 
axillary  artery 


Involvement  in  callus 

Involvement  in  scar 
Complete  section  . . 
Involvement  in  scar 


Complete  section  . . 
Involvement  in  scar 
Nothing  macroscopically  abnormal 

Neuroma  with  lateral  cicatrix    . . 
Involvement  of  sheath   with  new 

bone  formationf 
Foreign  body  in  nerve 
Irritation  of  bone  fragments 

Complete  section 

Neuroma  with  lateral  cicatrix    . . 

Neuroma  with  lateral  cicatrix    . . 


17 
3 
I 

3 

I 

2 


•  Operation  at  time  of  injury. 


t  Associated  with  traumatic  myositis  ossificans. 

Table   continued   on   oppoHie  page. 
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Table    II .—Continued. 


XEKTK 

XO.  OF 

Cases 

CLKICAL 
•  CUASSIFICATIOX 

xo. 

Operatko 

CPO.V 

OPERATITE    nXDIXGS 

XO. 

Peroneal 

8 

{     Complete 

6 

4    1 
1 

Complete  section 
Neuroma  with  lateral  notch 
Neuroma  and  involvement  in  callus 
Pressure    of    stretching    over    de- 
formed bone 

1 
1 

1 

1 

.     Incomplete 

2 

0 

— • 

— 

Y     Complete 
(      Incomplete 

1 

I 

Neuroma  with  lateral  cicatrix    . . 

I 

Posterior  tibial   . . 

8 

" 

-1 

Neuroma  with  lateral  notch     . . 
Neuroma     . .          -  - 

1 
1 

Sciatic,  internal 
division 

3 

Incomplete 

3 

.1 

Neuroma  with  lateral  cicatrix    . . 

1 

Anterior   crural 

1 

Incomplete 

1 

1 

Neiuxtma  with  lateral  cicatrix  . . 

I 

External 

saphenous 

2 

Complete 

2 

2 

Complete  section  . . 

2 

Anterior  tibial 

1 

Incomplete 

1 

0 

— 

— 

Obturator 

1 

Incomplete 

1 

0 

— 

— 

M  usculocutaneous 

1 

Incomplete 

1 

0 

— 

— 

Table    ///.—Summary    of    T.\ble    II. 

(Injuries  of  the  Cervical  and  Brachial  Plexuses  and  Cranial  Nerves  not  included.) 


Xo.  OF         CLIXirUi         '          ,. 

Cases    Classu-icatiox         -    • 

Operated 
Upox 

Operatite  Fixnixas 

Xo. 

1 

i 

j 

1 

I 

Complete  section 

33 

i 

Neuroma 

3 

1 

1 

Neuroma  with  lateral  cicatrix 

5 

«  i 

„            with  lateral  notch 

2 

Complete              77 

„            with  involvement  in  callus 

1 

Involvement  in  callus    . . 

1 

1 

„                    scar 

2 

Stretching  over  deformity  of  bone 

1 

Nothing  abnormal  foimd 

1 

151 ; 

i 
1 

Complete  section 
Neuroma 

„            with  lateral  cicatrix 

„             „        circular  cicatrix    . . 

„             „        lateral  notch 

„             „        involvement     in    callus     and     lateral 
cicatrix 

1 

6 

16 

1 
2 

3 

Incomplete             74 

41 

1     Lateral    notch 

Involvement  in  new  bone  formation 

„                    scar 
Foreign  body  in  nerxe  . . 
Irritation  of  bone  fragments 
Pressure  of  aneurjsm     . . 

„                       „       with  netiroma  and  lateral  cicatrix 

3 

1 
1 
1 
1 
3 
1 

Contusion 

1 

Xiimber  of  nerves  analysed,  151. 


Xumber  of  opo^tions,  90  (=  60  per  cent). 
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Table  IV. — Showing  the  Opkrations  Performed,  and  Numbers  of  each. 


No. 


Delayed  suture 

Total  exseotion  and  suture     . . 

Partial  exsection  and  suture 

Neiu-olysis 

Autogenous  transplantation    .  . 

Total  exsection  and  autogenous  transplantation 

Homologous  transplantation 

Double  lateral  implantation 

Exploration 


Total 


23 

6 
7 
30 
4 
1 
1 
3 
6 


90 


ILLUSTRATIVE    CASES. 

1.  NERVE  TRANSPLANTS  AND  DOUBLE  LATERAL  IMPLANTATIONS.* 

This  group  comprises  5  ulnar,  1  median,  1  sciatic,  and  1  posterior  tibial  lesions 
in  which  end-to-end  union  could  not  be  obtained  on  account  of  the  long  gap  between 
the  divided  ends. 

Of  these,  two  of  the  ulnar,  and  the  median,  sciatic,  and  posterior  tibial  cases, 
were  dealt  with  by  autogenous  transplants  from  the  radial.  One  ulnar  case  was  bridged 
by  a  homologous  transplant  of  external  popliteal  nerve.  The  two  remaining  ulnar  cases 
were  dealt  with  by  double  lateral  implantation  of  the  divided  ends  into  the  median  nerve 
in  the  forearm. 

As  nerve  grafting  has  been  stated  to  be  of  little  value,  and  nerve  anastomosis  has 
been  condemned,^  these  cases  are  worth  examining  in  some  detail. 


A.  NERVE   TRANSPLANTS. 


T.,  age   22.     Bullet   wound   of  upper  third  of  right   forcarni,   August,  lOl.j. 
(!)   Complete   division  of  ulnar;    (2)   Complete  division  of   posterior    iiittr- 


J 


M 


Case  1. — ^I'te. 
Clinical  diagnosis  : 
osseous. 

Operation,    Nov.    11. — Complete    section    of  ulnar   nerve.      Bulb    on    central    end    resected 
until  healthy  fasciculi  were  visible.     Lower  end  dealt  with  similarly.     Gap  of  5  em.  separating 

ends,  reduced  to  2"o  cm.  by  flexing  wrist,  (iap  bridged  by  two 
pieces  of  radial  nerve  each  2\'y  cm.  long  removed  from  forearm 
{Fig.  .345).  Suture  line  and  transplant  wrapped  in  Carjrile 
membrane.  Posterior  interosseotis  nerve  freed  from  enlhis  aiul 
wrapped  in  Cargile  membrane. 

Dec.  27  :    Pin-prick  felt  on  ulnar  half  of  ring  finger  and 
over  small  area  on  radial  side  of  little  finger, 

Feb.  10,  19](>  :    Pin-prick  everywhere  appreciated  in  pajiu 
of  hand  and  radial  side  of  little  finger. 

March  .'},  1918  :    Painful  spots  to  pin-prick  scattered  freely 

over  little  finger,  but  pin-prick  not  everywhere  felt.     Epicritie 

.sensation  defective  in  little  finger.     No  alteration  from  norma! 

detected    in    ring  finger  nor  in  that  part  of  hand  supplied  by 

ulnar.     No    loss    of    sensation     in     radial    area.     Fortiiieatiori 

not  obtained,  but  hypothenar  muscles    sensitive    to    jjinching. 

Scarcelj'  any  wasting  of  hypothenar  eminence.     Interossei  still 

slightly  wasted,   but   much    improved,   and  "still  filling  out." 

Hollow  between  metacarpals  of  thumb  and  index  finger  less  evident.     Slight,  reducible  elawin«j 

of  little   finger.      Pitre's   tests    possible,    but  imperfectly  compared  with  normal  hand.      Flexor 

profundus  to  little  and  ring  fingers,  and  flexor    carpi  ulnaris,   act   normally  (lesion  below  level 


p^ 


Fig.  3U.—Case  1. 

Complete  section 
of  ulnar  in  forearm, 
bridged  by  two 
auto-transplants  of 
radial. 


♦  InstecMl  of  the  name  '  nerve  grafting,'  the  writer  has  followed  Sherren  in  his  preference  for  the  terra 

*  nerve  transplantation.' 
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Fig.  346.— (a^c  2. 

a.  Complete 
division  of  ulnar. 
6.  Gap  briilt,'e<J  by 
autotraiisplant  of 
radial. 


f^ 


of  the  branches  to  these   muscles).     Extensors  of  wrist,   thumb,   and    fingers  all  act   normally. 
Electrical  examination  :    Xo   faradic  response  in   muscles  supplied  by  ulnar  or  posterior   inter- 
osseous   nerve    below   level    of   lesion  ;    extensor  muscles 
react  briskly  to  galvanism  ;  ulnar  muscles  react  well  ;   no 
polar  change. 

Summary. — Transplant  of  two   pieces  of  radial  into 
ulnar.      Partial  motor  and  sensorv  recover\-  in  28  months. 

Case  2.— Pens.  .\.,  age  32.     Wounded  in  lower  third 

of  left  arm,  Nov.  8,  191 1.     .Admitted  Sept.  23,  1916,  with 

complete   ulnar  division.      Hand   neglected,   with   severe 

contractures,  not  relaxing  under  anaesthetic. 

Operation,    Oct.     23.  —  Complete    section    of    ulnar. 

Resection    of  bulbs   on   the   centnil   and  peripheral   seg- 
ments.    Gaj)  of  7"5  cm.  remained,  rethiced  to  3  6  cm.  by 

stretching  and  extending  arm.     One  piece  of  radial  nerve 

transplanted  into  gap  {Fig.  346). 

March  20,  1917  :   Formication  on  percussion  over  line 

of  union  of  transplant  with  upper  segment.     Transplant 

can   be  felt  as  a  continuous   cord    in   line  of  nerve.     .\t 

l)oth  ends  of  transplant  a  spindle-shaped  bulb  can  be  felt. 

Aiay  20  :     Formication  produced  by  percussion  along  ner\'e  as  low  as  mid  forearm,  beginning 

opposite  lower  end  of  transplant.     Bulb  at  upper  end  of   transplant  has  not  apparently  altered 

in  size,  but  {)ercussion  over 
it  does  not  produce  formi- 
cation. Return  of  proto- 
j>athic  sensation  over  idnar 
side  of  ring  finger. 

Feb.  25,  1918  :  Formi- 
cation to  percussion  from 
mid  forcarin  to  hypothenar 
eminence.  Flexor  carpi 
ulnaris  and  flexor  profundus 
digitonim  to  ring  and  little 
fingers  act  ^oluntarily  and 
respond  to  farad isnu  Xo 
return  of  motor  power  or 
faradic  response  in  small 
muscles  of  hand.  Clawing 
of  ring  and  little  fingers  has 
considenibly  increased  in  re- 
sponse to  motor  recovery  of 
flexor  profundus.  Bulbs  at 
junction  of  upper  and  lower 
ends  of  transplant  with  nerve 
can  still  be  distinctly  felt,  and 
transplant  itself  is  palpable 
as  a  rounded  cord,  compar- 
able in  size  with  the  nerve 
above  and  below,  and  freely 
movable  from  side  to  side. 

Summartf.  —  Transplant 
of  radial  into  ulnar  above 
elbow.  Formation  of  bulbs 
at  both  ends  of  transplant 
in  5  months.  Formication 
to  mid  foreann  in  7  months. 
Partial  motor  and  sensory 
recovery  in  16  months. 

Case  3.  —  Pte.  K.,  age 
21.  Bullet  wound  of  left 
thigh,  with  compound  frac- 
ture of  middle  of  femur, 
July  1,  1916  (Fig.  347). 
Complete  division  of  sciatic 
nerve. 

Both  ends  bulbous  and  involved 


FIG.  347.— Ca^e  3. 

Compound  fracture  of  femur,  before  and   after  platinsr.     Complete   division 
of  sciatic,  which  was  involved  in  callus. 

Aug.  16  :    Femur  plated. 

Operaiion,  Xov.  11. — Sciatic  found  destroyed  for  7'.5  cm. 
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in   larjjc  bone  callus.     After  stretching  and  resection,  pap  of  2-5  cm.  remained.     Slijiht  flexion 
only  of  knee  allowed   by  stiffness,     (lap  bridjjed  by  three  pieces  of  radial  nerve  removed  from 
both  forearms  (Fig.  :U8).     Hridjie  surrounded  witli  Car<rile  membrane. 
Nov.  21  :    Trophic  sores  on  <rreat  toe  and  inner  side  of  foot. 

April    10.   1917  :    Diminished   loss  of  protopathic  sensation.     Formication   on   percussion  at 
a|)ex  of  popliteal  space,  i.e.,  below  level  of  transplant. 

May  lo  :   Formication  on  percussion  over  lower  end  of  jmpliteal  sjjace  and  head  of  fibula.     A 

larjje  oval  swelling  can  be  felt  by  deep  palpation 
of  thigh  at  level  of  injury.  Trophic  sores  have 
healed. 

Febniary,  1918  :  Pin-prick  still  not  felt  on 
foot  in  sensory  areas  of  external  and  internal 
popliteal.  Paralysis  with  K.l).  of  anterior  tibial 
and  peroneal  muscles,  (iood  voluntary  move- 
ments in  gastrocnemii  and  soleus,  which  react  to 
farad  ism. 

Summary. — -Three  transplants  of  radial  into 
sciatic.  Partial  motor  and  sensory  recovery  in 
15  months. 


FIG.  348.— Co**  3. 

o.  Complete 
division  of  sciatic. 
6.  Gap  bridfjed  by 
three  autotrans- 
plants  of  radial. 


Cases  4  and  5. — ^These  were  the  median  at 
the  wrist  and  the  posterior  tibial  above  the 
ankle.  In  both,  a  gap  was  bridged  with  an 
autogenous  transplant  of  the  radial.  In  both, 
six  months  later,  there  was  considerable  diminu- 
tion in  loss  of  protopathic  sensation  and  formi- 
cation to  percussion  below  level  of  transjjlant. 
In  neither  case  had  voluntary  power  returned  in  nmscles  supplied  by  the  nerves.  Case  5  had 
been  explored  for  pain,  without  benefit,  four  months  previously,  when  a  large  neuroma  was 
found,  which  was  wrapped  in  Cargile  membrane.  At  a  second  operation  the  large  neuroma  was 
excised,  the  Cargile  membrane  was  found  practically  absorbed,  and  the  nerve  was  lying  free 
from  adhesions. 

.S'Mm»«arj/.- -Transplants  of  radial  into  median  and  posterior  tibial.     Some  sensory  recovery 
in  6  months.     Cargile  membrane  nearlv  absorbed  after  4  months. 


A  further  case  throwing  light  on  some  of  the 
problems  of  nerve  transplantations,  but  not  included 
in  the  statistical  cases,  was  that  of  a  youth  who 
had  had  elsewhere  a  portion  of  his  radial  trans- 
planted into  a  gap  in  the  ulnar  in  the  upper  third 
of  the  right  forearm  a  year  previously,  without  any 
recovery  of  sensation  or  motor  power. 


FlO.  349.— Ca*e  6. 

Complete  divi- 
sion of  ulnar  with 
au  totran  splant 
from  radial.  a. 
One  .vear  after  first 
operation,  show- 
inR  hypertrophy 
of  transplant  and 
formation  of  spin- 
dles, b.  Neurolysis 
capsulectomy.  c. 
Transplant. 


Ca.se  6. — Pte.  P.,  age  19.  Bullet  wound  of  upper 
third  of  left  forearm,  Jan.  20,  1917. 

Operation,  July  :  Complete  section  of  idnar.  Gap 
of  35  cm.  bridged  by  autotransplant  of  radial. 

August,  1918  :  Complete  paralysis  with  R.D.  of  ulnar 
muscles,  and  complete  sensory  loss  {Fig.  350). 

Operation,  August,  1918.  —  Explored.  Large  oval 
bulb  forming  a  typical  neuroma,  densely  adherent  to 
surrounding  muscles,  was  found  at  upper  6nd  of  trans- 
plant. Hulb  tapered  into  transplant,  which,  although 
tightly  compressed  by  dense  scar,  was  seen  when 
liberated  to  resemble  normal  nerve  in  size,  shape,  and 
consistency.  A  smaller  but  similar  bulb  was  found  at 
lower  end  of  transplant,  which  tapered  off  into  nerve 
below.      The    transplant,    originally    a    portion    of    the 

radial,  had  hvpertrophied  until  it  equalled  in  size  the  nerve  into  which  it  had  been  transplanted 
(Fig.  349). 

October  :  Four  months  after  neurolysis,  formication  elicited  at  point  5  cm.  above  wrist^ — a 
spread  downwards  of  170  mm.  in  79  days.  Protopathic  sensation  completely  returned  over  ulnalr 
side  of  ring  finger  (Fig.  350). 

Summary. — Autogenous  transplant  of  radial  into  ulnar.  Formation  of  bulbs  and  hyper- 
trophy of  transplant,  but  no  recoverv',  in  13  months.  Some  sensory  recovery  and  progress  of 
formication  2  months  after  neurolysis. 
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Fig.  3oO.~Ca.ie  6. 

a.  Showiiisr  loss 
of  i^nsatioii  from 
complete  division 
of  ulnar,  bridged 
by  3-5  cm.  of 
radial  from  upper 
third  of  forearm, 
one  rear  after 
operation. 

b.  Extent  of  re- 
covery of  proto- 
pathic  sensation 
two  months  after 
neurolysis  capsul- 
ectomv. 


Ca.se  T.^Pte.  G.,  age  36.  Shell  wound  of  right  elbow,  March  15,  1917.  Severe  •comminution 
of  upper  end  of  ulna  implicating  elbow-joint,  which  had  been  partially  excised.  Complete  divi- 
sion of  ulnar  nerve. 

Operation  Jan.  5,  1918. — Twelve  centimetres  of  ulnar  nerve  completely  destroyed.  Upper 
and  lower  segments  translated  to 
front  of  elbow,  and  joint  flexed. 
Gap  of  7*5  cm.  Bridge  of  75  cm. 
of  external  popliteal  ner\-e,  pre- 
viously removed  from  case  of  irre- 
parable injury  to  anterior  tibial  and 
peroneal  n^r\es  (Fig.  351).  Catgut 
not  being  available,  sutures  of  fine 
black  thread  M-ere  used.  Cargile- 
membrane  covering. 

August  :  No  recovery-  of  sensa- 
tion to  pin-prick.  Fomiication  on 
percussion  not  elicitcfl  l)elow  upjier 
level  of  transplant.  No  sign  of 
motor  reco\er>-. 

Second  Operation,  August  5. — 
Ner\'e  explored.  Upper  segment 
foimd  swollen  and  ending  in  a  large 
soft  s|)indle-shai)ed  neuroma  at  its 
junction  with  transplant.  Black- 
thread  sutures  still  visible,  occupy- 
ing }K>sition  of  greatest  diameter  of 
bulb.  Cargile  membrane  completely 
absorl)ed.  Passing  downwards,  trans- 
plant retained  its  sha|)e,  colour,  and 
individuality.  Near  lower  end  trans- 
plant rather  thinned.  Transplant  as 
a  whole  rather  Hatter  and  smaller 
than  nerve  into  which  it  had  been 
transplanted.  A  second  neuroma — 
smaller  than  the  upper  one — was 
found  at  junction  of  transplant  with 
lower  segment.  Here  again  the 
black-thread  sutures  were  in  the 
position  of  the  greatest   diameter  of 

the  bulb.  No  conduction  of  faradic  current  through  transplant.  The  transplant,  which  origin- 
ally had  a  larger  diameter  than  that  of  the  ulnar  nerve,  had  slightly  but  quite  definitely  wasted. 
Bulbs  and  transplant  freed  from  scar  tissue  {Fig.  351). 

October :  Formication  to  percussion  5  cm.  below 
lower  end  of  transplant. 

Summary. — Homologous  transplant  of  external  pop- 
liteal into  ulnar.  Formation  of  spindles,  involving  ner\e 
and  transplant  at  both  ends.  Wasting  of  transplant. 
No  recovery-  in  7  months.  Progressive  formication  below 
level  of  transplant  2  months  after  neurolysis. 


•i- 


^1 


Fig.  35l.~Case  7. 

a.  Complete 
division  of  ulnar, 
with  gap  of  7-5 
cm.  b.  Gap  bridged 
with  homologous 
transplant  of  ex- 
ternal popliteal, 
f.  Seven  monthis 
later,  showing  for- 
mation of  spindles 
at  both  ends  of 
transplant,  and 
position  of  black- 
thread  sutures. 


Xerve  transplantation  has  had  a  sound  experi- 
mental basis  since  the  experiments  of  Phillij>eaux  and 
Vulpian  in  1870,  and  has  been  employed  in  treatment 
with  satisfactory  results  since  1888.  Mayo  Robson^ 
operated  upon  and  reported  the  first  successful  case. 
Owing    to    the    War,    many    opportunities    for    nerve 

Ql  \        transplant,      and     transplantation  have  presented  themselves,  but  there 
:-         /  \       position  of  black-     Is  still  somc  difference  of  opinion  on  the  value  of  the 

.1      A  „ _,  operation.     Thus,  Moynihan"^  writes,   '"  Nerve  grafting 

is   of    little  value,"'    and    Rawling^  says,    "  Grafting, 
a         h  c  implantation,    etc.,    are    comparatively    useless."'     On 

the  other  hand,  Jocelyn  Swan*  reports  two  cases  of 
motor  recovery  following  nerve  grafts,  and  says,  "  I  think  it  is  a  mistake  to  damn  nerve 
grafting  where  the  ends  cannot  be  approximated,  a  state  of  things  which  is  bound  to 
occur  to  surgeons  who  see  many  of  these  cases."     Among  the  French  school,  Benisty* 
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says,  "  The  results  of  nerve  jjrafting,  which  a  priori  appears  to  be  a  logical  procedure. 
cannot  yet  be  appreciated,  since  regeneration  is  beset  with  difliculties  and  takes  place 
but  slowly."  On  the  other  hand,  Delageniere'  reports  from  TinePs  clinic  9  cases  of 
musculospiral  grafts  with  3  ahuost  complete  successes. 

Cases  2  and  8  show  that  both  sensory  and  motor  recovery  do  occur  after  nerve  trans- 
plantation, although  in  neither  case  was  recovery  complete.  Cases  4  and  5  have  improved, 
while  in  Cases  6  and  7  axis  cylinders  have  now  ])enetrated  into  the  lower  segments.  Even 
a  measure  of  recovery  is  better  than  none  at  all,  and  it  has  yet  to  be  seen  whether  one  or 
more  of  these  cases  will  not  ultimately  recover  completely.  Recovery  after  a  nerve 
transplantation  certainly  occurs  much  more  slowly  than  after  an  end-to-end  suture  ;  but 
the  writer  agrees  with  Swan  that  it  is  a  mistake  to  condemn  nerve  transplantation,  and 
believes  that  with  a  larger  knowledge  of  the  processes  involved,  and  a  wider  experience 
of  technical  details,  the  results  of  nerve  transplantation  are  likely  to  compare  favourably 
with  those  of  end-to-end  suture. 

Apart  from  the  possibility  of  recovery  after  nerve  transplantation,  the  seven  cases 
described  possess  many  other  points  of  theoretical  and  practical  interest.  Thus,  Cases  2 
and  6  show — the  first  by  palpation,  the  second  by  inspection — that  autogenous  grafts 
hypertrophy  and  may  ultimately  grow  to  the  same  size  as  the  nerve  into  which  they 
are  transplanted  ;  while  in  Case  7  a  homologous  transplant,  originally  larger  than  the 
receiving  nerve,  diminished  in  size. 

Cases  2,  6,  and  7  show  how  transplants  unite  with  the  receiving  nerve  at  either  end 
by  the  formation  of  spindle-shaped  neuromata,  the  larger  at  the  central  end.  In  all  these 
cases  the  bulb  at  the  lower  end  of  the  transplant  had  formed  before  any  signs  could  be 
detected  that  axis  cylinders  had  reached  this  level  from  the  central  segment. 

Case  7  demonstrated  by  the  position  of  the  black-thread  sutures  that  the  neuro- 
mata were  formed  partly  in  the  original  nerve  ends  and  partly  in  the  ends  of  the 
transplant,  and  suggested  that  not  only  the  nerve  but  the  transplant  had  a  share  in 
their   production. 

In  Case  6,  five  months  elapsed  before  formication  was  elicited  by  percussion  at  a  lower 
level  than  the  transplant.  Thereafter  it  spread  with  comparative  rapidity  down  the  distal 
segment  of  the  nerve. 

In  Case  3,  there  could  be  detected  by  palpation  a  large  neuroma  which  from  its  size 
must  have  involved  both  ends  of  the  nerve  as  well  as  the  three  transplants.  Through 
the  medium  of  this  neuroma  regeneration  of  the  distal  segment  occurred,  and  motor 
recovery  in  certain  of  the  muscles  ensued. 

In  Cases  6  and  7,  the  constricting  effect  of  the  surrounding  scar  was  the  important 
factor  in  preventing  recovery.  After  its  removal,  neurotization  of  the  transplant  and 
lower  segment  occurred  quickly. 

'  B.    DOUBLE  LATERAL  IMPLANTATIONS. 

While  nerve  transplantation  has  been  damned  by  faint  praise,  the  operation  of 
double  lateral  implantation  has,  by  the  majority  of  writers  on  the  surgical  treatment 
of  nerve  injuries,  been  directly  condemned.  Thus,  Benisty,  speaking  of  operations  which 
"  must  be  rejected  as  illogical,"  especially  mentions  "  the  grafting  of  the  central  end  on 
to  a  healthy  neighbouring  nerve,  or  the  peripheral  end  on  to  a  neighbouring  mixed 
nerve."  MojTiihan  writes,  "  Nerve  anastomosis  is  to  be  sharply  condemned."  Tinel 
writes,  "  Lateral  implantations,  transplantations  of  one  nerve  into  the  other,  are  almost 
always  useless,  and  often  mischievous,  operations." 

In  what  follows,  the  writer  refers  to  the  special  case  of  double  lateral  implantation  of 
the  ulnar  into  the  median  in  the  forearm.  In  this  particular  case  the  operation  is  not  only 
harmless,  but  when  the  ulnar  nerve  in  the  forearm  has  been  destroyed  over  a  wide  extent, 
is  capable  of  jjroducing  good  results.  Three  cases  of  this  operation  have  been  performed, 
but  only  one  has  been  followed  long  enough  to  speak  of  the  ultimate  result.  The  other 
two  confirm  the  view  that  the  operation  is  a  harmless  one. 
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-Pte.  F.,  age  25.     Shell  wound  of  left  forearm,  .May  28,  1915.      In  hospital  at  home 


Case  8.- 
6  weeks. 

July  :   Sent  to  Gallipoli. 

December  :    Returned  to  England  with  enteric. 

January-,  1916  :    .Admitted  with  advanced  irreducible  clawing  of  all  fingers, 
division,     complicated     by     a     Volkmann's     ischa-mic 
contracture. 

Operation,  February.  Ten  centimetres  of  ulnar 
ner\e  totally  destroyed.  ^Vell-formed  bulb  at  central 
end.  Resection  of  bulbs  and  excision  of  inter\-ening 
scar — gap  13  cm.  .Approximately  one-third  of  cir- 
cumference of  median  on  ulnar  side  was  divided  at 
two  points  16  cm.  apart.  Upper  and  lower  ends  of 
ulnar  implanted  into  the  median  in  manner  shown 
in  Fig.    3.52. 

Day  following  :  Loss  of  sensation  to  cotton-wool 
over  median  area  of  ring,  middle,  and  index  fingers. 
Sensation  to  pin-prick  lost  over  radial  half  of  ring 
finger,  middle  finger,  and  ulnar  half  of  index  finger 
(Fig.  353).  Thimib  not  affecte<l.  Opponens  pollicis, 
abductor  brevis  pollicis,  and  first  lumbrical  acting 
normally.  I 


Complete  ulnar 


Fig.  352. — Caif  8. 

Double  lateral 
implantation  of 
ulnar  into  median. 


Ik;.  353.— C*k  S. 

a.  Sensory  Ioa* 
to  pin-prick  after 
double  lateral  im- 
plantation involv- 
ing division  ot 
ulnar  third  of 
median  no-re  in 
loream»  at  tv.o 
tM>ints  1.5  cm. 
apart,  b.  Extent 
of  recovery  after 
t>  ""montlis. 


April  :  Flexor  contracture  of  fin- 
gers increased. 

Ojteratioti,  April. — Superficial  and 
deep  flexors  of  fingers  lengthened. 
Distal  implantation  examined.  Where 
distal  segment  of  idnar  joined  median, 
there  was  a  small  but  distinct  bulb, 
olive-shaped,  and  involving  approxi- 
mately equal  amounts  of  the  two 
nerves  (Fig.  354). 

August  :  No  recoverj'  of  motor 
power  in  idnar  muscles.  Pin-prick 
perfectly    appreciated     in     whole    of 


Fig.  354. — Cate  8. 

Phowine  forma- 
tion of  spindle  in- 
volvins  both  nerves 
at  lower  end  of 
doable  lateral  im- 
plantation into 
median. 


index  and  middle  fingers,  over  radial  half  of  ring  finger,  and  near  base  of  ring  finger  on  ulnar 
side  (Fig.  353). 

.Although  unable  to  examine  this  case  again,  the  writer  has  heard  by  letter  from  the  patient  ; 
and  Sir  Thomas  Myles,  Consulting  Surgeon,  Irish  Command,  kindly  made  inquiries  and  sent  a 
letter  from  the  patient's  medical  officer,  Mr.  E.  D.  Thompson.  The  following  are  extracts  from 
their  letters  : — 

Extract  from  letter  from  patient,  dated  Xov.  28,  1917.- — 

••  I  have  nearly  all  the  feeling  restored  to  my  hand,  the  most  sensitive  being  the 
little  finger.  It  would  be  quite  surprising  to  you  to  see  how  the  hand  has  improved 
since  your  operation." 

Extract  from  letter  to  Sir  Thomas  Myles  from  Mr.  E.  D.  Thompson,  dated  Feb.  9,  1918. — 

"  The  man  is  wonderfully  well.  He  can  close  all  his  fingers,  and  give  a  good  grip. 
He  has  also  uniform  sensation  in  both  back  and  front  of  hand.  He  can  pick  up  a  pin 
quite  easily.  The  feeling  is  not  quite  as  good  as  in  his  right  hand,  but  he  says  both  the 
lK>wer  and  sensation  are  getting  better." 


4'>8 
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Stimtnartf. — Double  lateral  iniplaiitatioii  of  ulnar  into  median  in  forearm,  followed  by  some 
sensory  loss  in  median  area.  Heeovery  of  sensibility  to  |)in-j)riek  in  median  area  in  (>  months. 
Some  motor  and  sensorv  reeoverv  in  ulnar  area  in  24  months. 


MED     ULNAK 


Fig.  355. 

Diagram  represont- 
iiiK  ))etlicleJ  iieuro- 
va-icular  autotrans- 
plaiit  (shadeil  por- 
tion) in  a  ease  of 
double  lateral  im- 
plantation of  divided 
nerve  into  a  ncigh- 
b  o  II  r  i  n  !»  healthy 
nerve  tnnik. 


The  writer  is  aware  that  proof  of  regeneration  in  tlie 
distal  segment  of  the  ulnar  in  the  above  case  is  not  complete, 
but  the  man  is  still  in  the  Army,  and  has  a  useful  hand. 

The  two  other  eases  operated  on  in  this  manner  have  not 
been  watched  long  enough  to  report  on  the  result  ;  hut  in 
neither  case  was  there  any  greater  loss  of  sensation  in  the 
fingers  from  dividing  a  third  of  the  circumference  of  the 
median  on  the  idnar  side  than  has  been  recorded  in  Case  8. 
The  fact  that  the  ulnar  third  of  the  circumference  of  the 
median  nerve  in  the  forearm  subserves  sensation  only  in  the 
ring,  middle,  and  index  fingers  has  been  confirmed  by  the 
writer  on  many  occasions  in  cases  of  incomplete  division  of 
this  nerve  explored  by  operation. 

Instead  of  regarding  the  operation  as  an  illogical  pro- 
cedure, the  writer  believes  that  the  portion  of  the  median  nerve 
between  the  two  lateral  cuts  acts  as  a  pedicled  neurovascular 
autotransplant  {Fig.  355),  and  is  more  likely  to  succeed  than 
a  free  autotransplant. 


2.    SUTURES. 

The  following  has  been  the  method  of  suture  in  the  majority  of  cases.  A  long 
skin  incision  is  made,  any  dense  adherent  scars  being  excised  whenever  possible.  Small 
sterilized  cloths,  to  the  under  side  of  which  is  sewn  a  layer  of  jaconet,  are  clipped 
to  the  subcutaneous  fascia  so  as  to  exclude  completely  skin  contamination  of  sutures, 
swabs,  and  instruments  for  the  remainder  of  the  operation.  The  upper  end  of  the  nerve 
is  usually  defined  first,  and  the  bulb  carefully  dissected  from  adhesions  to  the  surround- 
ing structures.  The  lower  end  is  then  sought,  found,  and  dealt  with  in  the  same 
way.  The  intervening  scar  is  carefully  excised.  All  the  chief  bleeding  points  are 
ligatured,  and  all  oozing  is  checked  by  gauze  pressure,  oversewing,  or  by  swabbing 
out  the  wound  with  warm  peroxide  of  hydrogen  (5  vols.)  or  adrenalin  (1-1000).  A 
great  point  is  made  of  obtaining  a  dry  wound  before  proceeding  with  the  next  stage 
of  the  operation. 

When  the  wound  is  quite  dry,  the  gap  between  the  divided  ends  is  carefully  measured, 
and  a  rough  estimation  made  of  what  this  will  be  when  the  end  bulbs  have  been  resected. 
The  proximal  end  of  the  nerve  is  now  stretched,  and  a  decision  made  whether  any  other 
steps  are  necessary  in  order  to  bring  the  ends  together  without  tension.  If  such  be  the 
case,  these  are  then  carried  out. 

The  bulb  on  the  central  end  is  now  removed  in  successive  slices  with  a  sharp  knife 
until  healthy  nerve  fasciculi  are  seen  protruding  from  the  cut  face  of  the  nerve.  A 
similar  resection  of  the  distal  segment  is  made.  A  tension  suture  of  fine  catgut  is  now 
passed  through  the  centre  of  both  segments,  and  the  ends  are  drawn  together.  Two  con- 
tinuous sutures  of  the  finest  catgut  procurable  draw  the  sheath  together,  one  suture  being 
used  for  each  half  of  the  circumference  of  the  nerve.  At  this  stage  the  tension  suture  is 
generally  removed,  but  if  there  has  been  any  difficulty  in  drawing  the  ends  of  the  nerve 
together,  it  is  tied  and  left  in  situ. 

The  suture  line,  and  the  nerve  for  2^  cm.  on  either  side,  have  been  in  many  cases- 
wrapped  in  Cargile  membrane.  The  membrane,  which  has  been  placed  in  1-500  per- 
chloride  of  mercury  at  the  beginning  of  the  operation,  is  thoroughly  washed  in  normal 
.saline,  and  a  piece  5  cm.  long  and  one  and  a  half  times  as  broad  as  the  circumference 
of  the  nerve,  is  cut  and  insinuated  under  the  nerve.     The  membrane  is  then  carefully 
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wrapped  round  the  nerve.  In  some  cases,  free  or  pedunculated  flaps  of  fat  or  fascia 
have  been  used  as  a  covering.  In  others  no  protection  has  been  used,  the  nerve 
l>eing  placed  between  healthy  muscles,  with  or  without  smearing  the  suture  line  with 
sterilized  paraffin. 

The  muscles,  which  have  been  drawn  out  of  the  way  with  retractors,  are  now  allowed 
to  fall  into  position,  and  the  deep  and  superficial  fascia  is  carefully  closed  with  catgut 
sutures.     The  skin   is  closed  with  interrupted  salmon-gut   sutures. 

This  method  is  not  original  :  similar  procedures  have  been  described  by  many  other 
workers  ;  but  in  order  that  certain  points  in  technique  may  be  discussed  in  \iew  of  the 
results  obtained,  it  has  been  described  in  some  detail. 

One  of  the  difficulties  in  comparing  results  in  nerve  work  is  to  know  what  is 
meant  by  such  terms  as  '  recovery-,'  "  improvement,"  etc.  It  is  quite  certain  that 
after  delayed  nerve  suture,  complete  recovery,  in  the  sense  that  no  differences  can  be 
found  between  the  normal  and  affected  limb,  is  seldom  if  ever  attained  ;  there  remains 
an  incomplete  recover^'  of  the  finer  forms  of  sensation,  some  slight  wasting  of  the 
affected  muscles,  or  a  greater  liability  to  fatigue  on  the  affected  side.  In  order,  how- 
ever, to  tabulate  and  compare  results,  the  use  of  such  terms  is  necessarj'  ;  and  in 
what  follows,  the  terms  '  Recoverj','  "Considerable  improvement*  "Improvement,"  and 
"  No   residt  '   are   used, 

"Recovery'  denotes  complete  return  of  protopathic  sensation,  recovery-  of  useful 
voluntary  movements  in  all  the  affected  muscles,  with  return  of  faradic  response, 

"Considerable  improvement "  denotes  complete  return  of  protopathic  sensation,  recoN'ery 
of  some  voluntary'  movements  in  affected  muscles,  with  or  without  response  to  faradism. 

"Improvement"  denotes  some  return  of  protopathic  sensation,  with  or  without  early 
voluntary  twitchings  of  one  or  more  of  the  affected  muscles,  with  or  without  response  to 
faradism,  and  definite  and  progressive  formication  on  percussion  over  the  nerve  below 
the  level  of  the  lesion, 

'No  result*  comprises  all  other  cases,  and  includes  cases  lost  sight  of  or  transferred 
to  other  hospitals  before  sufficient  time  has  elapsed  to  estimate  the  result  ;  all  doubtful 
cases  ;  and  cases  watched  sufficiently  long  without  any  sign  of  recovery  to  be  classified 
as  failures. 

The  following  table  shows  the  results  obtained  in  a  total  of  36  cases,  made  up  of  23 
cases  of  delayed  suture  of  completely  sectioned  nerves,  6  cases  of  total  exsection  of  affected 
segments  followed  by  suture,  and  7  cases  of  partial  exsections  of  affected  ner\-es  followed 
by  suture. 

Table  I'. — Resclts  of  36  Cases  of  Ner^-e  Suture, 


RECO\T»IES 

COXSIDRRABLE 
IMPROVKMEXT 

IMPROVEMEXT 

XO  RESLTiTt 

Number  of  cases          . . 

Percentage 

Average  time  between  wound  and  operation 

Average  time  luider  observation  since  operation 

Longest  time                     „                           „ 

Shortest  time                    „                            „ 

8 
23 

5  months 
15 
24 

8 

6 
14 
6  months 
7 
12 
4 

8 

23 

8  months* 

?    :: 

1 

14 

40 

7  months 
24       „ 
1       „ 

*■  leaving  out  one  case  sutured   2  Tears  and  5  months  after  injury,   average  time  between  wound   and 
operation  =  5  months. 

t  AnalifsU  of  '  3'o  ResvU  '  Cages. — 

Failures :    Those  seen  7  months  or  longer  after  ©iieration  with  no  sign  of  recovery       . .  . .       5 

Average  time  from  wound  to  operation       ..  ..  ..  ..  ..      10  months 

(Excluding  one  case  of  19  months,  average  time  between  wound  and  operation  =  7  montlLs.) 
Average  time  since  operation         ..  ..  ..  ..  ..  ..11  montlis 

Donbtful :    Cases  earlier  than  7  months  after  operation  with  no  sign  of  recovery  . .  . .       9 


VOL.    VI. —  NO. 


20 
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A.    RECOVERED    CASES. 

The  following  case  illustrates  the  successive  stages  of  recovery,  and  is  remarkable 
in  its  successful  issue  after  ligature  of  the  main  vessel  of  the  limb. 

Case  9. — Gnr.  M.,  age  22.  Shell  wound  of  left  popliteal  space,  May  24,  19l'i.  Common 
femoral  artery  tied  in  a  field  lios])ital. 

Jtuje  1  :  Admitted  with  severely  suppurating  woimd  behind  knee.  Foot  and  ankle  adema- 
tous.  No  pidse  palpable  at  ankle.  Black  gangrenous  patch  of  skin  on  point  of  heel.  Comj)lete 
paralysis  with  H.D.  of  all  muscles  below  knee.  No  sensibility  to  pin-prick  or  bnish  in  external 
or  internal  i)opliteal  sensory  areas. 

Oct.  20  :    Nerve  condition  unaltered.     Wounds  have  been  healed  four  weeks. 

Operation.  Oct.  2JJ.— -Complete  section  of  both  internal  aiul  external  popliteal  nerves  with 
end  bulbs.     Cap  of  36  cm.     Sutured.     Free  sleeve  of  fascia  lata. 

December  :    Partial  recovery  of  protopathic  sensibility.     ITIcer  on  heel  smaller. 

Mareh,  191G  :    Slight  voluntary  twitehings  in  gastrocncmii  and  tibialis  antieus. 

.June  :  Weak  voluntary  movements  of  llexion  and  extension  of  foot.  Ulcer  on  heel  well. 
Protopathic  sensibility  recovered.     Sensibility  to  brush  nearly  recovered  except  over  toes. 

October,  1917  :  Left  leg  still  slightly  smaller  than  right.  Complete  recovery  of  voluntary 
power  in  all  muscles,  with  normal  electrical  responses.  Is  walking  about  all  day.  I^eft  leg 
becomes  slightly  more  fatigued  than  right. 

Summary. — Improvement  in  3  months.  Considerable  improvement  in  8  months.  Recovery 
in  24  months. 

Another  sciatic  case  of  very  similar  type  to  the  foregoing  deserves  recording,  owing 
to  the  very  rapid  recovery  which  followed  suture  11  months  after  the  nerve  had  been 
divided. 

Case  10.— Pte.  P.,  age  20.     Shell  wound  of  left  thigh,  Aug.  6,  1916. 

.January,  1917  :  Admitted  from  his  depot  with  trophic  ulcer  of  great  toe,  complete  paralysis 
with  R.I),  of  all  muscles  below  knee,  and  no  sensibility  to  pin-prick  or  cotton-wool  in. external 
or  internal  popliteal  sensory  areas.  Refused  operation  until  July,  1917.  Nerve  condition 
unaltered. 

Operation,  July  3. — -Condition    shown  in   Fig.   356.      Nerve   stretched,    bulbous   extremities 

resected.  Knee  flexed.  Suture.  Cargile- 
membrane  protection.  After  4  weeks  knee 
gradually  extended. 

Dec.  9  :  Voluntary  power  in  calf 
muscles.  Sensibility  to  pin-prick  and 
brush  recovering  rapidly.  Formication  on 
percussion  half-way  between  knee  and 
ankle,  360  mm.  in  160  days — over  2  mm. 
per  day. 

June,  1918  :  Vohmtary  power  strong 
in  calf  muscles.  Sensibility  to  pin-prick 
and  brush  completely  recovered.  Trophic 
ulcer  healed. 

October  :  Continued  improvement, 
with  return  of  faradic  response  and 
voluntary  power  in  all  muscles  below 
knee. 

Summary. — Improvement  in  5  months. 
Considerable  improvement  in  11  months. 
Recovered  in  1.5  months.  Formication  to 
percussion  spread  down  nerve  at  a  rate 
exceeding  2  mm.  per  day. 

The  individuality  of  nerves  from  the  point  of  view  of  the  rapidity  and  completeness 
with  which  they  regain  their  motor  power,  noticed  by  several  writers,  was  first  pointed 
out. by  Rene  Dumas, ^  but  he  was  disappointed  in  the  sciatic  nerve  from  this  point  of 
view.  In  the  writer's  experience,  the  sciatic  nerve  and  both  its  internal  and  external 
divisions,  are  in  this  respect  second  only  to  the  musculospiral. 

In  four  cases  recovery  followed  suture  of  the  external  division  of  the  sciatic. 

Case  11.— Pte.  S.,  age  19.  Shell  wound  of  left  thigh,  July,  1916.  Complete  paralysis  of 
anterior  tibial  and  peroneal  muscles,  with  R.I).  Pain  and  tenderness  on  dorsum  of  foot,  and 
hypera-sthesia  to  pin-prick.     Sensibility  to  cotton-wool  blunted. 


'.M-^A^i 


Fig.  356.— Ca^e  10. 

Condition  before 
and  after  opera- 
tion, a.  Muscle 
drawn  in  between 
divided  ends.  h. 
liony  projection 
from  posterior  sur- 
face of  femur. 
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Tig.  357  .—Ca**-!!. 

Lateral  notch  of 
external  dirlsioii  of 
soiatic.  a.  Hefore. 
6.  After  resection 
suture. 


]V..SiS.—CtueV2. 

lateral  notch  of 
iiciatic  trunk.  a. 
Before.  6.  After 
partial       resection 


.January,   1917  :    Condition  inialtered. 

Operation,  Jan.   6. — Lateral   notch   in   external   division  of  scintic.  with   J)ull)  of  upjier  seg- 
ment   (Fig.    357).       Resection     and     sntiire. 
Cargile  membrane.     Knee  flexed. 

Jime  :  Sensibility  to  pin-prick  recovered. 
Formication  on  percussion  5  cm.  al>ove  ex- 
ternal malleolus  -140  mm. — average  over  2 
mm.  per  day.  Slight  voluntar\-  power  in 
])eroneii  and  common  extensor. 

January,  1918  :  Still  improving.  Volun- 
tary power  in  tibialis  anticus. 

May  :  Severe  attack  of  pneumonia.  Foot 
left  unsupported. 

Jime  :  Voluntary  power  in  anterior  tibial 
group  lost. 

August  :  Vohmtar>-  power  has  returned 
in  all  muscles  supplietl  by  external  popliteal 
nerve. 

Summary.  —  Recovered  in  20  months. 
Recover^'  interrupted  by  pneumonia.     Formication  progressed  at  rate  exceeding  2  mm.  per  day. 

Ca-HC    12. — Sgt.   P.,   age    30.     Through-and-through    bullet  wound   of  left   thigh   and   groin, 
September,  1910. 

November  :    Complete  ptiralysis  with  R.D.  and  sensorj'  loss  in  external  popliteal.     Paralysis 

with  R.D.  in  calf  muscles.  Voluntary 
power  in  small  muscles  of  foot.  Excru- 
ciating j)ain  in  sole  of  foot. 

Operatioit,  Nov.  18. — Nerve  damaged 
at  level  of  gluteal  fold  (Fig  358).  Partial 
exsection  and  suture.  Cargile  membrane. 
Flexion  of  knee. 

Febniarj-,  1917  :  Pain  and  tenderness 
suture.  Topo-  gone.  Sensation  in  sole  of  foot  normal. 
sraphr  of  semwrj  Voluntary  power  in  small  muscles  of  foot, 
fibres  to  !!ole  of  foot  No  recovery  in  senson,-  area  of  external 
shon-n  on  inner  !<iae  |>opliteal.  All  musclcs  of  leg  still  para-- 
of  nerve.  lyzed.     Invalided  to  Canada. 

Jime,   1918  :    Returned   for  examina- 
tion.       Voluntary-     power     and     faradic 
response   in    all  muscles   of  leg.     No   loss 
of  sensibility  to  pin-prick  or  cotton-wool. 
5Mm»Marj/.^Sensor\-  nerve  fibres  to  sole  of  foot  and   motor  fibres  to  small  muscles  of  foot 
located  on  internal  aspect  of  internal  division  of  sciatic.     Recovery  after  20  months. 

Case  13.— Pte.  B.,  age  26. 
Multiple  shrapnel  wounds  of  right 
leg  and  thigh,  July,  1916. 

Deceml>er  :  Paralysis  with 
R.D.  in  all  muscles  supplied  bv 
external  popliteal  except  the 
tibialis  anticus. 

Operation,     Dec.    14. — Deep 
lateral  notch,  with  bulb  of  upper 
segment,    on     deep     aspect     of 
nerve   (Fig.  359).     Partial  resec- 
tion and  suture.     Cargile-membrane  protection. 

May,  1917  :    Tenotomy  of  Achilles  tendon.      Foot  retained  at 
right  angle  in  plaster. 

August  :    ^■oluntar\•  power  in  all  muscles,  of  leg,  with  faradic 
response.     Can  walk  well. 

Su/nwarj/.— Recovery  after  8  months. 

Cwie  14.— Pte.  W.,  age  27.      Bullet  wound  of  right  leg,  with 
compound    fracture    of   fibula,   July   1,   1916.     Complete   paralysis 

with   R.D    in    all    muscles    supplied    by   external    popliteal,    with  x-,^  ,«„     ^       i. 

correspondmg  sensorv  loss.  •      '•    ^"^^      • 

September:     Piece  of  shrapnel  removed  from  head  of  fibula.     „er^e°"&vo^vem^t of bSfbs a^d 
J»inus  excised.     B.I. P. P.    Sutured.     Primarv  union.  caUns.    Before  and  after  or^ration. 

March,  1917:     No  recovery. 

Operation,  March  8.— NeiVe  densely   bound  down  and   surrounded    with  callus  {Fig.  360). 


Fig.  359. — Cote  13. 

Lateral  notch  of 
external  popliteal 
before  and  after 
resection  cuture. 
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Involved  part  of  nerve  occupied  by  liard  (V  fibrous)  mass.  Total  t\s<<lion  and  siitiin'.  (.'ar<;ilc 
membrane. 

May  5  :    Formication  12  cm.  below  level  of  suture.     Invalided. 

June.  1918,  by  letter  :   Complete  recovery.     Able  to  raise  foot  easily  and  walks  well. 

Suniniori/. — Averajre  progress  of  formication  in  2  months  after  suture.  2  mm.  per  diem. 
Recovery  in  15  months. 

The  next  case  is  an  example  of  severe  causalgia  of  the  median,  rilicNcd  by  cxsection 
and  suture. 

Case  I.J.— Cpl.  T.,  age  3.5.  Shrapnel  wound  of  bend  of  right  elbow,  September,  191. >.  X(^ 
paralysis  in  median.     Severe  pain  in   right   hand. 

November  :  Pain  has  become  unbearable.  Insomnia.  Threatens  to  commit  suicide.  Skin 
of  hand  dry.     Fingers  thin,  slender,  and  stiff  from  disuse.     Nails  long  and  bent. 

Operation,    November.- -Lateral    neuroma   (f'^ig.  361).      Total 
cxsection  and  suture.     Cargile   membrane.     Elbow  flexed. 

jjf.  3gj Cast- 15.  January,   1918:     Rapid   recovery  of  sensation.      Cotton-wool 

and  pin-prick  everywhere  felt  in  median  area  except  on  ulnar  side 
Lateral  neuroma     .^^^  dorsal  surface"  of   middle  phalanx,  the  insensitive  area  l>eing 
oau^-il"'  "^^Totai     "^'^PP^^  ""*  ^^Y  **  P***^*'  "*"  undesquamated  epithelium. 
ex^tfon  and  °=u-  ^^''^''  '     ^^  '^"'^    voluntary    power    in    all    muscles  supi)licd     by 

jji^j,  "        median,    with    exception    of    small    muscles   of   hand.      Spindle- 

shaped   swelling   easily   palpable    in    course   of  nerve  at  level  of 
suture. 

March,  1917  :     Voluntary  power  in   all  muscles. 
November  :    Hand  practically  normal,  except  still  slightly  tender  in  cold  weather. 
Summary. — Considerable    improvement,    with    formation   of    nerve   spindle,    in    7    months. 
Recovery  in  24  months. 

The  last  recovered  case  is  one  of  complete  section  of  the  musculospiral,  and  is  one  of 
the  only  two  examples  of  suture  of  this  nerve  in  the  series.  Three  reasons  account  for 
the  relative  rarity  of  suture  of  the  musculospiral.  They  are  :  (1)  The  ease  with  which 
this  nerve  recovers  from  lesions  other  than  complete  section,  either  spontaneously,  or  after 
a  neurolysis  ;  (2)  The  frequent  association  of  injuries  of  the  nerve  with  severe  fractures 
of  humerus  (15  out  of  19  cases  in  this  series),  followed  by  extensive  formation  of  callus, 
making  nerve  suture  difficult  and  uncertain  ;  (3)  The  alternative  operation  for  this  nerve 
described  by  Major-General  Sir  R.  Jones, ^  which,  if  not  the  operation  of  choice,  gives 
results  little  if  at  all  inferior  to  those  of  nerve  suture,  and  in  much  less  time.  The  case 
illustrates  the  bad  effect  of  prolonged  extension  of  the  fingers  at  the  metacarpo-phalangeal 
joints. 

Case  16. — Blxlr.  S.,  age  24.  Shrapnel  wound  of  left  upper  arm,  November,  191').  Complete 
paralysis  of  supinator  longus  and  brevis,  and  all  extensor  muscles  of  forearm,  with  H.I).  No 
sensory  alteration. 

Operation,  January,  1916. — Three  pieces  of  shrapnel  removed.  Nerve  completely  divided 
in  groove,  and  buried  in  very  dense  scar.     .Suture  and  Cargile-membrane  ])rotection. 

May  :  Voluntary  twitchings  of  extensors  of  wrist  and  fingers.  Fingers  stiff  at  metacarpo- 
phalangeal joints  from  hyperextension  on  long  cock-up  splint. 

March,  1917,  by  letter:  "My  arm  is  progressing  wonderfully.  I  can  raise  my  wrist  up  and 
down.  I  have  got  more  power  in  my  thumb  and  first  two  fingers.  I  cannot  bend  my  little  and 
third  fingers." 

Summary. — Improvement  in  4  months.     Recovery  in  14  months. 

B.    CONSIDERABLY   IMPROVED   CASES. 

The  ca.ses  of  'considerable  improvement'  are  3  ulnar  lesions,  2  median,  and  1 
anterior  crural. 

Most  writers  are  agreed  that  the  ulnar  recovers  slowly  and  with  difficulty,  and  the 
hypothesis  has  been  put  forward  that  this  is  due  to  distortion  of  the  nerve  pattern. 
Thus,  Gwynne  Williams,*  comparing  the  results  of  suture  of  the  musculospiral  nerve 
with  those  of  suture  of  the  median  or  ulnar,  concludes  that  it  must  be  the  composition 
of  the  nerve  that  makes  the  difference.  Two  of  the  three  ca.ses  which  follow  suggest  that 
one  must  look  to  the  small  muscles  of  the  hand  for  the  difficulty  in  recovery.  Motor  power 
in  the  flexor  carpi  ulnaris  and  flexor  profundus  digitorum  returns  as  easily  after  suture 
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of  the  ulnar  as  it  does  in  the  radial  extensors  after  suture  of  the  museulospiral.  The 
slow  recovery  of  the  small  muscles  of  the  hand  may  possibly  be  due  to  the  difficulty  of 
keeping  them  efficiently  relaxed  ;  or  it  may  be  explicable  on  grounds  of  an  inherent 
property  of  the  muscles  themselves,  in  some  way  associated  with  the  highly  complex 
movements  which  they  have  to  execute.  The  small  size  of  their  fleshy  bellies  may  also 
be  a  factor  of  importance. 

Case  17. — F.  I*.,  awe  14.     Severe  cut  of  left  forearm  7-5  cm.  below  elbow,  March,  1917. 

October :  Complete  paralysis  of  all  ulnar  muscles  with  R.D.  and  sensory  loss  in  ulnar  area. 
Voluntary  power  in  flexor  carpi  ulnaris  and  ulnar  half  of  flexor  profundus.     Claw  hand. 

Operalion,  October.  1917. — Complete  section  found.  Suture.  Protection  with  Cargile  mem- 
brane and  vaseline.     Xerve  translated  to  front  of  elbow,  and  ellK)w  flexed. 

October,  1918  :  Pin-prick  everywhere  recovered.  Voluntary  i)ower  in  all  small  muscles  of 
hand.     Still  loss  of  finer  sensation  in  little  finyjer. 

.S'HiMMiarj/.— Considerable  improvement  after  12  months.     (Note  patient's  age.) 

Case  18.—  Cpl.  F..  age  29.  Shell  wound  of  lower  third 
of  left  arm,  with  comjjound  fracture  of  humerus  and  injurv 
to  ulnar  nerve,  February.  1918. 

June :    Complete     paralysis     with     R.D.     of    all     ulnar 
muscles  below  ell>ow.     Slight,  reducible  claw  hand.     Ixiss  of 
sensibility    to    pin-prick    and    brush    in    ulnar  area.     Ix)ss  to    Fic..  3t3.— Cojf  18. 
pin-prick  greater  than  loss  to  brush.  Before  and  after 

Operation,  June  20. — .As  in   Fig.  302.  exsection  and  su- 

Aiig.    26 :     Formication    to    two    finger-breadths    above    lurc. 
M-rist — 190    mm.,  an   average    spread  of   2-8  mm.   per  diem. 
Protopathic  sensation  recovering  rapidly. 

Octol)er  :  V'oluntary  |K)wer  in  flexor  carpi  ulnaris,  with 
retiirn  of  faradic  response.  Voluntary  power  in  flexor  pro- 
fundus, but  still  R.D.  No  return  of  voluntary  |>ower  in 
small    muscles    of  hand.      P'ingers   clawed    if   splint    is   removed. 

.S'M/Mm«rr/.—  Recovery  of  volimtary  |)ower  in  flexor  carpi  tdnaris  and  flexor  profundus 
digitorum  in  4  months. 

Case  19. — Gnr.  L..  age  19.  Shell  wound  of  left  arm,  with" 
compound  fracture  of  humerus,  lower  third,  Octoljcr,  1916. 

Octol)er.  1917  :  Complete  paralysis  of  all  ulnar  muscles 
l)elow  elbow  with  R.D.,  and  sensory  loss  in  ulnar  area. 
Fibrosis  of  flexor  muscles  of  forearm. 

Operation,  Octol>er,  1917. — Five  centimetres  of  nerve 
destroyed — dense  scar  intervening  between  two  bulbs  (Fig. 
363).  Translation  of  nerve  to  front  of  elljow.  Flexion  of 
elbow.  Resection.  Suture.  Protection  with  Cargile  mem- 
brane. 

August,  1918 :  Complete  return  of  sensibility  to  pin- 
prick. Voluntary'  power  and  faradic  resf>onse  in  flexor  carpi 
ulnaris  and  flexor  profundus  digitorum.  llypothenar  muscles 
very  tender  to  pressure.  No  return  of  volimtary  power  in 
small  idnar  muscles  of  hand. 

Summary. — Reeoverj"  of  flexor  carpi  ulnaris  and  flexor 
profundus  in  10  months.  Recoverj*  of  sensation.  Xo  recov- 
ery in  small  muscles  of  hand. 

The  first  of  the  next  two  cases — both  sutures  of  the  median — is  interesting,  because 
of  the  fact  that,  after  primary-  suture  performed  in  France,  which  failed  on  account  of 
suppuration  of  the  wound,  delayed  suture  was  followed 
by  rapid  recover^'. 


FIG.  363.-  Cite  19. 

a.  Five  centi- 
metres of  ulnar 
destrored.  h-  After 
re-ection  siitnre. 


Case  20. — Pte.  G..  age  23.  Shell  wound  of  middle  of  right 
arm,  October,  1917.  Xote  from  CCS.  :  ""  E.  and  E.  middle  of 
arm,  brachial  artery  thrombosed,  tied  above  and  below,  median 
nerve  foimd  divided  and  sutured.     Bipp." 

December  :    Wounds  healed. 

May,  1918 :  Complete  paralysis  and  R.D.  in  all  median 
muscles  of  forearm  and  hand,  with  sensory  loss  in  median  area. 
Xo  formication  on  percussion  below  level  of  injury. 

Operation,  May  25. — Scar  excised,  5  cm.  gap  {Fig.  364).       Flexion  of  elbow 
membrane. 


Fig.  364.-  CaseiO. 
Complete  section 
of  median,  nith 
bulbs,  8  months 
after  primary  sn- 
tnre  in  wound 
which  suppurated. 
a.  Before,  6.  After 
operation. 


Suture.     Cargile 
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July  28  :  Sensibility  to  pin-prick  rccovcriii}?.  Formication  lias  profircsscd  "ido  mm.  Ixlow 
level  of  suture,  an  average  of  4  mm.  per  diem. 

October:  Further  recovery  of  sensation.  Voluntary  power  in  flexor  carpi  ladialis,  proiiatDi- 
radii  teres,  and  flexor  longus  poUicis.     Faradic  response  in  flexor  lonjjus  poilicis. 

Summary. — -Considerable  improvement  in  5  months. 

The  second  case  demonstrates  the  same  topography  of  the  nerve  fibres  of  the  median 
in  the  forearm  which  was  mentioned  when  describing  the  cases  of  double  lateral  implanta- 
tion of  the  ulnar  into  the  median. 


Fig.  say— Case  21. 

I>ateral  neuroma 
of  median  on  ra- 
ilial  side,  involvinc 
fibres  to  opponens 
poUieis  and  abduc- 
tor brevis  poilicis. 


Case  21.— A.-B.  S.,  age  19.  Bullet  wound  of  middle  of  left 
forearm,  with  fractured  radius,  .January,  1918. 

April  :  Hyperacsthesia  of  ring,  middle,  and  index  fingers. 
Brush  not  felt  over  median  area  of  thumb.  Paralysis  and  R.D. 
of  opponens  poilicis  and  abductor  brevis  poilicis.  Diagnosis: 
Neuroma  of  median  on  radial  side  of  nerve. 

Operation,  April. — Diagnosis  confirmed  {Fig.  365).  Partial 
exsection  and   suture.      Cargile  membrane. 

October  :  Weak  vohmtary  power  in  abductor  brevis  poilicis 
and  opponens  poilicis.     Incomplete  B.D. 

Summary. — Considerable  improvement  in  5  months. 


The  last  ca.se  showing  'considerable  improvement'  is  that  of  an  injury  to  the  anterior 
crural  nerve  in  the  groove  between  the  psoas  and  iliacus  muscles  in  the  iliac  fossa. 
Injuries  to  this  nerve  are  rarely  seen,  and 
this  example  is  of  peculiar  interest  in 
that  it  produced  a  true  and  most  intense 
causalgia  in  the  cutaneous  distribution  of 
the  nerve. 

Case  22.  -Cpl.  S.,  age  28.  Through-and- 
through  shell  wound  of  back  and  abdomen, 
.July,  1917.  Foreign  body  removed  from 
abdominal  wall  in  France.  Abdomen  opened, 
through-and-through  hole  of  small  intestine 
2.>'8  cm.  from  duodenojejunal  junction  closed. 
Pain  in  left  leg. 

Aug.  30 :  Admitted.  Intense  pain  over 
front  of  left  knee.  Complete  paralysis  with 
K.D.  in  quadriceps  extensor,  with  advanced 
wasting  of  muscle.  Skin  dry,  yellow,  and 
resembling  parchment. 

September  :  No  relief.  Patient  states  he 
finds  life  unbearable.  Insomnia  and  loss  of 
appetite.  A'  ray  shows  perforating  wound  of 
left  ilium  (Fig.  386).  Fragments  of  bone  in 
aperture.     Wound  in  back  suppurating. 

October  :    Excision  of  wound  in  back  en 

masse.     B.I. P.P.  and  suture.     Primary  imion. 

Operation,    November. — Oblique    incision, 

parallel  to  and  1*.5  cm.  above 

Poupart's     ligament     in     its 

outer  third,  carried  upwards 

and  backwards  5  cm.  beyond 

the    anterior    superior    iliac 

fti         spine.    External  oblique  split 

'        and    held    apart    with    large 

retractors.       Peritoneum 

pushed   inwards  and  upwards  by  gauze  dissection.     Nerve  ex|K)sed  in    groove 
between   psoas  and   iliacus.     Large  lateral  neuroma   foimd,   adherent    to    scar 
and  muscles  (Fig.  367).      Total  exsection  of  affected  segment.     Suture. 
ivi.sr,-.- Cast;-J2.  November:    Immediate  relief  of  pain. 

i^ateral  neuroma  ^lay,  1918  :    Voluntary  twitching  in  quadriceps. 

of  anterior  crural.  July  :    Patient    can    raise    heel    from  ground  with  extended  knee.     Thigh 

muscles  still  weak  and  easily  fatigued.     No  faradic  response  in  quadriceps. 
Summary. — Considerable  improvement  in  8  months. 


Fig.  3C6.—Casfl  22. 
l'erforati?ijr  wound  of  left  ilium,  involving  anterior  crural. 
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JIG.  368.-  Case  23. 

Complete  divi- 
sion of  ulnar,  a. 
Before,  b.  After 
resection  suture. 


^ 


C.    IMPROVED   C.\SES. 

These  comprise  sutures  of  -I  ulnar  nerves,  2  median,  1  musculospiral,  and  1  posterior 
tibial.  The  first  and  second  ulnar  cases  exemplify  what  has  already  been  said  about  the 
comparative  rate  of  recover;.'  in  this  nerve.  The  third  is  interesting  in  the  improvement 
which  followed  resection  suture  in  a  nerve  apparently  ligatured  in  error  2  years  and  5 
months  previously.  The  only  comment  the  last  calls  for  is  that  a  severe  attack  of 
cerebrospinal  fever  beginning  within  a  week  of  operation  did  not  hinder  regeneration. 

Case  23. — l*te.  M.,  age  22.  Small  shrapnel  wound  of  right  upper  arm  7o  cm.  above  internal 
epicondyle,  September,  1916. 

Deeemlier :  Complete  paralysis  of  all  ulnar  muscles 
lielow  elljow  with  R.D.,  and  corresi>onding  sensory  loss. 

Operation,  Dec. — Condition  as  in  Fig.  368.  Translation 
of  ner\-e  to  front  of  elbow.  Flexion  of  ellww.  Resection. 
Suture.     Carwile  memlirane. 

March,  1917  :    Recovering  protopathic  sensation. 

.April  24  :  Further  recovery  of  sensation.  Formication 
has  jirogressed  1.50  mm.  below  suture  line,  an  average  spread 
of  1-2  mm.  ])er  diem. 

.May  29  :  Voluntary  j)Ower  in  flexor  carpi  iilnaris  and 
ulnar  half  of  flexor  profimdus  digitonmi. 

Summary. —  Improvcnunt   in   4  months. 

Cane  24. — Pens.  B.  Woundctl  in  middle  of  upper  arm,  .Septcml)er,  191.3.  \\ounds  suppur- 
ated. 

Operation,  June,  1916. — llnar  completely  divided,  with  two  end  bulbs.     Resection.     Suture. 

January,  1917  :    Recovery  of  sensibility  to  pin-prick  over  ulnar  side  of  ring  and  radial  side 

of  little  finger.     Voluntary  |K»wer  in  flexor  carpi  ulnaris  and  flexor  profundus  digitorum.     Bad 

degree  of  claw  hand. 

Summary. — Reeoverj-   of  voluntary   {)ower   in    flexor  carpi 
ulnaris  and  flexor  profundus  in  7  months. 

Cane  2."). — ^Dvr.  S.,  age  21.     Cut  his  arm  in  .August,  1914. 

Xo   disability  of  the   hand    resulte<i.     Ha-morrhage   forty-eight 

hours    after    accident.       Ligature    passed    on    needle,    without 

jl      V       iMJssibiy    due     to     anspsthetic,  and  tied.     This  was  immediatelj'  followed  by  pain 

S?«df  accidental  liirature     ^"^  numbness  in  little  finger. 

Decemlier,  1916  :    Voluntary'  power  in  flexor  carpi  idnaris 
and    flexor    profundus    digitorum.     Claw   hand.     Paralysis  with 
R.l).  of  all  small  ulnar  muscles,  with  corres|ionding  sensory  loss. 
Operation,  December. — Condition  as  in  Fig.  369,  suggesting 
that   a  ligature   had   l>een   tied  tightly  round   the  nerve.     Dis- 
location   of    ner\-e    to    front     of    elbow.     Resection.     Suture. 
Cargile  membrane. 
March,  1917  :    Recoverj-  of  sensibility  to  pin-prick  over  ulnar  side  of  ring  finger  and  radial 
side  of  little  finger.     Formication  has  progressed  80  mm.  Ijelow  suture  line  in  88  days,  an  average 
of  09  mm.  per  diem. 

Summary. — Resection  suture  2  years  and  5  months  after 
injury.     Improvement  after  3  months. 


YVi.  369. — Ca^  25. 

Complete  tUvi- 
.•iion  of  ulnar. 
I)09-ibly  due  to 
accidental  lii;ature 
of  nerve, 
a.  Before,  b.  After 
resection  suture. 


«« 


Case  20. — Pte.  K.,  age  24.     Bullet   wound   of  right   fore- 
ann,  July,  1916.  Fig.  370.— Cas^  26. 

Operation,  .April,   1917. — Complete  section   of  ulnar   (Fig.  Complete  divi- 

370).      Resection.     Suture.     Cargile  membrane.  sion  of  ulnar,  with 

•April  16  :    Onset  of  severe  attack  of  cerebrospinal  menin-  larse  bulb  on  peri- 

gitis.  pheral segment,   a. 

May  25  :    Pinprick  felt  over  radial  border  of  little  finger.  Before,      b.  After 

Paralysis  and   R.D.   in  all  muscles   of  hand.     Formication  50  resection  suture. 
mm.  l>elow  level  of  suture,  an  average  of  1*1  mm.  per  diem. 

Summary. — Improvement  in  1  month. 

Of  the  two  median  cases,  one  was  a  complete  section 
in  the    forearm  below   the   origin  of   the    anterior   interosseous,  which   improved    within 
4   months    of    suture   and    which    calls    for   no    further  comment.     The    other   not    only 
exemplifies   the   internal   topography   of  the    median   fibres   in   the    forearm,  but  throws 
light  on  the  fate  of  Cargile  membrane. 


436 


THE    BRITISH    JOURNAL    OF     SURGERY 


Fig.  371.-  Case -27 . 
I>ateral  notoli 
on  radial  side  of 
mp<lian  nerve,  a. 
Before,  6.  After 
partial  resection 
and  suture. 


Case  27.  -Sjjt.   K..  a;re  32.     Shrapnel  wounds  of  Icfis  ant!   forcaiins,  Octohor,  lOKi.     Scvtrc 

pain  in  middle  lin<ror,  and  to  a  less  dejircc  in  index  finjjer,  of  riylit  hand.     Paralysis  with  H.I),  in 

opponens  ]>ollieis  and  abductor  brevis  pollieis.     Pin-priek  a!)o|ished  on  palmar  surface  of  thunib. 

Operation,  Oct.  28. — Median  exposed  7-.">  cm.  above  wrist.     Condition  as  in  Fig.  .'{71.     Partial 

exsection  and  suture.     Carfjile  membrane. 

January,  1917  :  Aneurysm  of  radial  artery  at  ri;j;ht  wrlsl 
developed. 

Operation.  January.—  Artery  tied  above  and  below,  and 
sac  excised.  Site  of  previous  operation  cxi)lored.  Nerve  still 
wrapped  in  Carj^ile  membrane.  Membrane  lay  snufjiy  roimd 
the  nerve,  was  jrrey  in  colour,  and  had  lost  its  polished  appear- 
ance. It  felt  soft  and  ])liablc  instead  of  crinkly  and  brittle. 
Considcral)le  younj;  fd)rous  tissue  had  formed  round  the  mem- 
brane, but  nerve  and  membrane  lay  free  from  adhesions. 

The  Cargile  membrane  for  three  months  had  fulfilled  the 
purpose  of  preventinji  adhesions  to  the  nerve,  injirowth  of  sear  tissue  between  the  opj)osin<;  raw 
surfaces  of  the  partially  divided  nerve,  and  the  escape  of  young  nerve  fibres. 

Summary. — Cargile  membrane  still  present  after  3  months.     Nerve  free  from  adhesions. 

The  musciilospiral  case  does  not  require  comment. 

Case  28. — S<rt.  E.,  age  23.  Shell  wound  of  right  arm 
10  cm.  above  elbow,  .July,  1917.  Paralysis  of  musculc- 
spiral  muscles,  with  H.I). 

0/>err///o/*,  January,  1918.-  Neuroma  with  lateral  notch 
(Fig.  372).      Partial  exsection  and  suture. 

March  :  Formication  50  mm.  below  level  of  suture. 
No  muscidar  recovery. 

Summary. — Improvement  in  2  months. 


Fig.  372.— Ccwe'J^. 
Lateral  notch  of 
musculospiral.  a. 
Before,  b.  After 
partial  exsection 
and  suture. 


-:| 
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The    posterior    tibial    case    throws    light    on    the 
causation   of  pain    in   incomplete    injuries   of  nerves. 

An  artery  firmly  boimd  by  scar  to  a  nerve   on   which   is  a   small   latieral  neuroma   is   a 
condition  associated  with  pain.     This  fact  has  often  been  noted. 

Case  29. — Pte.  P.,  age  21.  Through-and-through 
bullet  woimd  of  upper  third  of  left  leg,  April,  1917. 

May  :  Wounds  healed.  .Severe  pain  in  sole  of 
foot.     No  loss  of  movements. 

Operation,  May  26. — Nerve  embedded  in  scar 
tissue.  Posterior  tibial  artery  firmly  boimd  to  nerve 
by  scar  {Fig.  373).  Artery  tied  above  and  below, 
and  intervening  portion  excised.  Partial  exsection 
and  suture  of  nerve. 

.July  21  :  Tenderness  of  sole  of  foot  cured.  No 
loss  of  movements.  Formication  110  mm.  below 
level  of  lesion — an  average  spread  of  2  mm.  per 
diem. 

Summary. — ^Artery  bound  to  nerve  by  scmi  ussoci- 
ated  with  pain,  relieved  by  operation. 


-4l 
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Flc.  373.-~Case  20. 
I.ateral  notcli 
of  posterior  tibial. 
Artery  bound  down 
to  nerve  witli  scar 
tissue,  a.  Before, 
6.  After  excision 
of  i)Ortion  of  artery 
and  partial  e.xsec- 
tion  and  suture  of 


D.   XO-RESULT    CASES. 

These  number  14.  The  length  of  time  since  operation  varies  from  24  months  to  1 
month.  In  the  table  of  results  there  is  no  case  of  improvement  at  a  date  after  operation 
later  than  7  months.  This  lapse  of  time  has  therefore  been  arbitrarily  chosen  as  a 
means  of  drawing  a  dividing  line  between  cases  which  are  actual  failures  and  those  which 
are  only  doubtful.     Divided  in  this  way,  there  are  5  failures  and  9  doubtful  cases. 

i.  Failures. — The  study  of  these  5  cases  throws  interesting  light  on  at  least  two  causes 
of  failure,  and  two  of  them  provide  food  for  reflection  on  the  normal  processes  of 
regeneration,  and  on  the  best  way  of  helping  nature  to  carry  these  out. 

The  first  case,  one  of  ulnar  destruction  in  the  upper  arm,  illustrates  the  importance 
of  a  i)reliminary  toilet  by  excising  large  adherent  scars,  either  before  or  at  the  same  time 
as  the  operation  on  the  nerve,  and  of  obtaining  a  covering  of  healthy  .skin  either  by  .some 
plastic  procedure  or  by  a  preliminary'  pedicle  graft. 
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Case  30. — Lieut.  H.,  age  26.  Large  lacerated  wound  extending  from  axilla  to  elbow,  and 
involving  half  the  circumference  of  the  arm  on  its  postero-intemal  aspect.  May,  1917. 

July  :    Wound  healed. 

September  :  Complete  paralysis  with  R.D.  of  all  median  and  ulnar  muscles  below  ell>ow,  with 
corresponding  sensory  loss.  Fingers  very  stiff.  Later  :  Great  pain  in  median  sensory  area.  Flexor 
carpi  radialis  and  flexor  sublimis  digit orum  act  feebly.     Stiil  complete  paralysis  and  R.D.  in  ulnar. 

Operation,  Sept.  26. — Long  incision  from  axilla  to  elbow  just  in  front  of  scar.  Scar 
raised  from  median  and  idnar  nerves.  Neuroma  of  median.  Neurolysis  and  oiip'iulectomy. 
Ulnar  found  destroyed  for  7-5  cm.  Translation  of  nerve  to  front  of  elbow,  liesectinri.  Suture. 
(iap  10  cm.     Flexion  of  elbow.     Cargile  membrane. 

Oct.  6  :  Old  scar  broke  down.  Primary  union  of  o{)cra- 
tion  wound. 

October :  Cargile  membrane  pulled  out  of  hole  in  scar, 
which  refused  to  heal. 

November  :    Wound  healed. 

May,  1918  :  Nearly  complete  recovery  in  median.  No 
sign  of  recovery  in  ulnar. 

Summary. — No  recovery  in  idnar  8  months  after  suture. 
Scar  broke  down  over  Cargile  membrane.     Recovery  in  median. 

In  the  following  case,  one  of  median  and  internal 
cutaneous  division,  there  were  several  unfavourable  con- 
ditions, all  of  which  may  have  influenpert  the  result. 

C'sr  .51.  I't;.  1'..  :iie  18.  Shrapnel  wouikIn  of  ri^iht  arm, 
witii  cDinpoiiiul  fracture  of  himierus  1.j  cm.  above  elbow, 
.Tune,  1916  (Fig.  S^-l).  Complete  paralysis  of  all  muscles 
l)p|ow    the    elbow,    witli    sensory    loss    in    median,    ulnar,   and 

internal      cutane- 
ous areas. 

October  :  The 
musculospiral  and 
idnar  nerves  have 
recovered.  Coni- 
|>  I  e  t  e  paralvsis 
with  R.I).  "  of 
median  muscles. 
Sensory  loss  in 
median  and  in- 
ternal cutaneous 
areas. 

Octol>er,  1916,  to  May,  1917  :  Several  seques- 
trotomies  and  removals  of  foreign  Ixxlies.  Ner>-c 
condition  unaltered.  Hand  cold  and  cyanosed. 
Radial  pulse  not  palpable. 

Operation     June,    1917.— Median    and    internal 
cutaneous  found  divided  {Fig.  375).    Resection.     Suture.     Cargile  membrane. 

January,  1918  :  No  sign  of  recovery  in  median  or  internal  cutaneous.  No  formication  at 
level  of  suture. 

Summary.  —  Obliteration    of    brachial    artery. 

Suture  of  divided  median  and  internal  cutaneous 

12  months  after  division.     No  recoverv  in  8  months. 


}H 


In;.  375. — (VjTf  31. 

Complete  sectio.i 
of  meiliaii  and  in- 
ternal ciitaneoa~. 
a.  Before,  b.  After 
resection  suture. 


1 

I 

r 
'■ 
< 

t 

1 

1 
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i'Vi.  3H.—l'ase  31. 

Compound    fracture   of   humeriLs   wiiiol! 
complicated  complete  section  of  median. 


The  last  two  cases  of  failure  are  both 
sutures  of  the  external  division  of  the  sciatic 
before  it  had  left  the  sciatic  trunk.  In  the 
one  there  was  a  deep  lateral  notch,  in  the 
other  a  hard  neuroma. 


Fig.  3T6.~Case  32. 

Lateral  neuroma 
of  exterii.ll  poii- 
liteal.  Before  ar.d 
after  exsection  su- 
ture. 


-r  I 
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Cane  32. — Pens.  S.,  age  20.  Shrapnel  wotuid  of 
right  buttock.  March  4,1917.    Foot  dropped  instantly. 

October :  Paralysis  of  external  popliteal  mus- 
cles Avith  R.D.,  and  sensory  loss  in  external  pop- 
liteal area.     Formication  at  level  of  lesion. 

Operation,    October. — Neuroma  of  external  division   of  sciatic  at   level  of  fold  of  buttock 
adherent  to  scar  and  muscles  {Fig.  376).     Total  exsection.     Suture.     Cargile  membrane. 

August,  1918  :    No  recovery.     Tinel's  sign  absent. 

Summary. — No  recovery  10  months  after  resection  suture. 
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Case  33. — Pens.  N.,  ajre  23.     Bullet  wound  of  ri^ht  buttock,  November,  Ktl.").     Drop  foot. 
March,  1917  :   ronipletc  paralysis  with  H.l).  in  external  popliteal  nuisdes,  and  (•oricspondinjr 
sensory  loss.     Tincl's  sisin  at  level  of  lesion. 

Operatiott,  March.— External  division  of  sciatic  practically  divided  by  fleej)  lateral  notch  at 

level  of  foUl  of  buttock,  with  well- 
delined  bulb  of  upper  se<;nicnt  (Fig. 
',Vi7  a,b).  Resection.  Suture.  Carfjile 
niembrane. 

October,  1})18:    No  si<,Mi  of  recov- 
ery.    Tinel's  sign  absent. 

Operation,    October.  —  Nerve     ex- 
posed.      Considerable    perineural    scar 
tissue.     Cargile    membrane    completely 
disappeared.     No  bleeding  from  surface 
of  nerve  on  freeing  from  scar.     Line  of 
external  division  of  sciatic  continuous. 
No  spindle  or  bulbs,  and  no  trace  of  suture  line.     Bulge  of  internal  sciatic  still  visible  {Fig.  377  c). 
Incision  closed.      Whole  of  external  division  looked  slightly  yellow,  and   felt  distinctly  less  firm 
than  internal  division.     No  conduction  of  faradic  current. 

Summary. — No  recovery  19  months  after  suture.     Exploration  revealed  a})parcntly  iiornuil 
nerve  with  some  perineural  scar  tissue.     Disappearance  of  Cargile  membrane. 
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Fig.  377.— rasf  33. 

a.  I^ateral  notcli 
in  external  sciatic. 
b.  After  resection 
suture,  c.  Nine- 
teen months  later. 


These  two  cases  are  of  considerable  interest,  the  absence  of  recovery  apparently 
depending  on  a  cessation  of  growth  of  the  axis  cylinders  from  the  central  segment.  In 
the  first  case,  no  special  reason  for  this  inability  on  the  part  of  the  nerve  cells  to 
reproduce  axis  cylinders  suggests  itself.  In  the  second  case,  sixteen  months  elapsed 
between  the  dates  of  the  wound  and  operation,  and  this  length  of  time  since  injury  might 
be  held  accountable.  It  is  well  known,  however,  that  delayed  suture  has  been  success- 
fully performed  at  a  much  later  date  than  this. 

Another  possibility  requires  consideration.  Each  axis  cylinder  is,  on  the  neurone 
theory,  the  process  of  a  single  nerve  cell.  When  an  axis  cylinder  is  cut  across,  the  distal 
portion  degenerates,  and  there  is  also  at  first  a  retrograde  degeneration  of  the  central 
portion.  The  central  portion  then  begins  to  regenerate  by  the  formation  of  branching 
tendrils  from  the  adjacent  nodes  two  or  three  distant  centrally  from  the  cut  (Ranvier, 
quoted  by  Cone'").  Cone,  in  the  article  referred  to,  describing  these  regenerating  cell 
processes,  says,  "  They  are  varicose,  bulbed  at  the  end,  frequently  branch  ..."  Eiach 
nerve  cell,  then,  when  its  axis  cylinder  process  has  to  regenerate,  produces  a  number  of 
feelers  or  tendrils  which  grow  downwards,  attracted  may  be  by  the  sheaths  of  Schwann. 
Where  there  was  one  cell  process  there  are  now  many,  a  kind  of  dendritic  formation. 
What  happens  to  these  dendritic  processes  ?  Is  it  not  reasonable  to  suppose  that  this 
is  Nature's  way  of  increasing  the  chance  of  at  least  one  taking  the  correct  path  and 
l>ecoming  ultimately  the  adult  axis  cylinder  in  the  distal  segment  ?  The  fate  of  those 
which  err  on  the  way  is  unknown,  but  it  is  conceivable  that  they  may  ultimately  shrivel 
or  be  withdrawn  into  the  cell.  In  any  case,  the  power  of  reproducing  an  axis  cylinder, 
on  the  neurone  theory,  resides  in  a  single  cell,  and  means  a  considerable  expenditure  of 
regenerative  vitality.  The  question  which  must  be  asked  is  :  How  often  will  a  nerve 
cell  repeat  this  regeneration  of  its  axis-cylinder  process  ?  The  frequent  recoveries  after 
resection  sutures  tell  us  that,  in  most  individuals,  nerve  cells  will  repeat  this  process  at 
least  twice  ;  but  it  is  as  unreasonable  to  suppose  that  it  can  be  repeated  an  indefinite 
number  of  times  as  it  is  to  suppose  that  an  amtrba  might  have  its  pseudopodia  cut  off  an 
indefinite  number  of  times  and  continue  to  live.  Recovery  after  delayed  suture,  even  in 
the  absence  of  suppuration,  is  always  slower  and  less  complete  than  recovery  after  a 
primary  suture.  This  is  well  established.  Does  this  not  indicate  a  regeneration  fatigue 
on  the  part  of  the  nerve  cell,  and  may  it  not  be  that  in  certain  individuals  the  nerve  cells 
are  only  capable  of  this  function  once  ?  This  is  the  only  explanation  which  suggests 
itself  to  the  writer  to  account  for  the  facts  of  the  last  case  described.  In  this  the  nerve 
had  apparently  united  perfectly  ;  but  the  absence  of  all  signs  of  recovery,  including 
conduction  of  the  electric  current  and  Tinel's  sign,  proves  that  no  axis  cylinders  had  grown 
riown  from  the  central  end  ;   while  the  absence  of  any  bulb  or  thickening  above  the  suture 


STUDY    OF    PEEIPHERAL    XERYE    INJURIES     439 

line,  together  with  the  absence  of  Tinel's  sign  at  this  level,  suggests  failure  of  the  axis 
cylinders  to  reproduce  themselves. 

ii.  Doubtful  Cases. — The  doubtful  cases  are  7  ulnar  and  2  median  sutures.  One 
ulnar  case  was  invalided  five  months  after  suture,  and  thereafter  lost  sight  of.  Another 
was  transferred  to  Dartford  and  invalided  to  Australia  after  one  month.  A  third  was 
lost  sight  of  two  months  after  operation.  The  remaining  4  ulnar  and  2  median  cases 
concern  four  individuals  still  under  observation,  two  of  whom  had  a  combined  median 
and  ulnar  injury.     Their  case  histories  follow. 

The  first  of  them  furnishes  an  example  of  an  unusual  nerve  supply  to  the  flexor  longus 
pollicis,  which  retained  voluntary  power  and  faradic  response  though  the  median  was 
completely  divided  in  the  lower  third  of  the  arm.  Compensator^'  movements  of  flexion 
of  wrist  and  fingers  through  the  unparalyzed  extensors  were  exceptionally  developed. 

C'use  34.* — Pte.  R.,  age  21.  Bullet  wound  of  lower  third  of  right  ami,  August,  1917. 
Brachial  artery  divided.     Complete  median  and  ulnar  paralysis. 


Fio.  378.  Case  34.  n.  Shows  flexion  of  fineer  in  complete  metlian  an<l  ulnar  paralvsis.  h.  Shows  retention  of 
voluntary  power  in  flexor  lon^nis  pollicLs,  though  tliere  was  complete  section  of  the  me<lian  and  ulnar  iii  lower  third 
of  arm. 


Complete  section 
of  median,  ulnar, 
and  internal  cu- 
taneous in  lower 
third  of  forearm. 
Btfare  and  after 
resection  suture  of 
median  and  ulnar  ; 
lower  end  of  inter- 
nal cutaneous  not 
found,  a.  Median, 
b.  Ulnar,  c.  Upper 
end  of  internal 
cucaneons. 


Hkn 
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Xovemljer  :    Wound  healed. 

.Jime,  1918  :   Complete  paralysis  with  R  D.  of  all  median  and  ulnar  muscles  l>elow  elbow,   with 
exception  of  flexor  longus   pollicis,   which 
retained     voluntarv    power     and     faradic       ,-,„  ,-„     /^      ,, 

y  XT       .,-.„C        r,  .  l-IG.3/9. — Caw  ii. 

response  (rig.  3/8).  Compensatory  move- 
ments very  noticeable.  Flexion  of  wrist 
by  extensor  ossis  metacarpi  pollicis. 
Flexion  of  fingers  by  extending  wrist  and 
relaxing  common  extensors  of  fingers. 
Sensory  loss  in  median,  ulnar,  and 
internal  cutaneous  areas.  Tinel's  sign  at 
site  of  lesion  only. 

Operation,  .lime. — Complete  division 
of  median,  ulnar,  and  internal  cutaneous 
nerves  (Fig  379).  Resection  suture  of 
median  and  ulnar.  Lower  end  of  internal 
cutaneous  not  found. 

.July  :    No  change. 

Summary.  —  Doubtful    result.       Case 
illustrates   compensatory  movements    of   unparalyzed    muscles,    and   abnormal   nerve-supply   to 
flexor  longus  pollicis. 
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Ca.se  ii't*. — Lieut.   G. 


FKi.  380.— (>»f  35. 

( 'oniplete  section 
of  ulnar  and  me- 
dian  witli  vicious 
union  of  upper 
setjment  of  median 
with  lower  segment 
of  ulnar. 


The  next  ca.se,  of  similar  type,  de-serves  rcconlin<j  as  an  example  of  the  sponliiiicons 
union  of  the  upper  segment  of  the  median  with  the  lower  segment  of  the  ulnar. 

Bullet    woiukI   of  riijlit    shoulder,  entrance   outer  side,  bullet   piissin<i 

across  axilla  and  bcinjr  retained  in  chest, 
Aujfust,  1917. 

.January,  1918  :    Wounds  healed. 

Jiuie  :  Complete  ])aralysis  wilii  H.I), 
of  all  nuisdcs  below  elbow  sujiphcd  by 
median  and  idnar,  and  corresponding 
sensory  loss.  Compensatory  movements 
of  extensors  well  developed.  TineKs 
siwn  in  ulnar  nerve  at  bend  of  elbow. 

Operation,  June. — Both  nerves  com- 
pletely divided,  but  ujiper  sej^iient  of 
median  partially  united  to  lower  end 
of  ulnar  (Fig.  380).    Resection.    Suture. 

July  :    No  chanjie. 

Summary. — Doubtful  result.  Iiiioii 
of  upper  segment  of  nicdian  witli  lower 
segment  of  ulnar. 

The  succeeding  story  relates  an  anatomical  anomaly. 

Case  36.* — Pte.  K.,  age  42.     Shrapnel  wound  of  left  arm  above  epicondyle,  March,  1918. 

.July  :  Wound  healed.  Scar  adherent  to  bone  and  nerve  in  epitrochlear  groove.  Formica- 
tion at  level  of  injury. 
Voluntary  power  and  faradic 
response  in  flexor  carpi  ul- 
naris  and  first  dorsal  inter- 
osseous. Remaining  ulnar 
muscles  paralyzed,  with  R.D.- 
Sensory  loss  confined  to  little 
finger  and  idnar  border  of 
hand. 

Opcralion ,  Aug.  —  Ulnar 
completely  destroyed  for  3-6 
cm.  above  elbow,  with  bulbs. 
Just  above  upj)er  bulb  a 
branch  from  nerve  was  foimd 
passing  in  front  of  epicondvle 
(Fig.  381).  Direct  faradic 
stimulation  of  branch  pro- 
duced contraction  of  flexor 
carpi  ulnaris. 

September  :    No  change. 

Summary. — Complete  section  of  ulnar  behind  epicondyle.  Branch  to  flexor  carj)i  ulnaris 
passing  in  front  of  epicondyle.     Nerve  supply  to  first  dorsal  interosseous  probably  from  median. 

The  fourth  doubtful  case  requires  no  comment. 

Case  37.* — Rfm.  F.,  age  31.     Shell  wound  of  middle  of  right  forearm,  August,  1917. 
•January,  1918  :    Wounds  healed. 

April  :  Complete  paralysis  with  R.T3.  of  small  ulnar  muscles  of  hand  with  clawing,  and 
sensory  loss  of  ulnar  area. 

Operation,    .April. — Complete   section.     Resection.     Suture. 
May  :    No  change. 

3.    NEUROLYSES. 

Tinel"  thus  describes  a  neurolysis  or  liberation  :  "  La  liberation  consiste  e.s.sentielle- 
ment  dans  la  dissection  du  nerf  et  dans  I'ablation  des  cau.ses  de  compression,  cal 
osseux,  gangre  fibreu.se,  ou  bride  cicatricielle."  He  lays  down  the  dictum,  "  Pour 
tons  les  cas,  douteux,  il  faut  se  rappeler  qu'une  bonne  et  franche  suture  vaut  beaucoup 
mieux  qu'une  mauvaise  liberation."     Delageniere,  quoting  Tinel's  opinion  says,   "  It   is 


Fig.  381.— rase  36. 

Complete  divi- 
sion of  ulmr  in  the 
region  of  elbow, 
showing  abnormal 
branch  c  pnssin:,' 
in  front  of  epi- 
con'lyle. 


*  Since   working   out    the   statistical   part    of   this    paper.    Cases 

improvement. 


54  to   37   show  definite  signs   of 
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very  difficult  to  fomi  an  opinion  of  the  value  of  ner\-e  liberations.  We  have  done 
relatively  few,  because  it  has  seemed  to  us  that  they  do  not  generally  give  better 
results  than  abstention." 

A  discussion  on  the  value  of  neurolysis  must  begin  with  a  succinct  statement  of  the 


FLEX.  PROF.  DIGITORUM 
ULNAR  ARTCRV  ULNAR  ARTERY 


|->  u>:ima 


Distal 


Fig.  3S2.     Details  of  neimrirsis  capsnIectoniT,  drawn  {rom  an  actual  case. 
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exact  details  of  the  operation  performed,  nuist  continue  with  a  clear  undcrstandin<>  of  the 
type  of  ease  in  which  it  is  used  and  of  the  results  which  it  is  lioped  to  obtain,  and  must 
be  settled  by  an  appeal  to  actual  case-histories,  comparinfj  the  results  with  those 
following  other  surgical  procedures  and  those  following  abstention. 

The  operation  performed  consists  in  dissecting  out  the  nerve,  and  removing  all  causes 
of  compression  such  as  bony  callus,  fibrous  tissue,  and  adhesions.  The  thickened  j)ortion 
of  the  sheath  of  the  nerve  must  also  be  removed.  This  latter  procedure  is  hereafter 
called  a  'capsulectomy.'  The  details  are  shown  in  Fig.  382,  drawn  from  an  actual 
operation. 

After  a  capsulectomy,  the  next  and  possibly  the  most  important  step  is  to  protect 
the  delicate  nerve  spindle  which  has  been  stripped  of  its  sheath,  and  to  jircvent  its 
compression  by  fresh  adhesions  or  the  contraction  of  new  scar  tissue.  The  natural  bed 
for  a  nerve  is  the  intramuscular  space,  and  in  every  case  this  space  is  the  ideal  bed,  and 
should  be  sought  after.  In  the  forearm,  where  there  are  many  contiguous  muscle  bellies, 
and  in  the  upper  arm,  where  the  space  between  the  biceps  and  brachialis  anticus  is  avail- 
able, the  plan  can  usually  be  adopted  of  laying  the  nerve  in  healthy  tissue  between 
muscles. 

In  some  situations — as,  for  example,  the  musculospiral  in  the  groove — the 
attainment  of  a  natural  bed  for  the  nerve  is  impossible.  The  writer  in  these  cases  has 
generally  employed  a  covering  of  Cargile  membrane,  aroimd  which  the  adjacent  muscles 
are  neatly  stitched  so  as  to  prevent  it  becoming  unrolled.  Cargile  membrane  is  sold 
in  different  thicknesses,  and  it  is  a  matter  of  some  importance  to  choose  the  finer 
varieties,  in  view  of  Souttar's'^  observation  on  the  exploration  of  old  nerve  sutures 
protected  in  this  way,  that  he  found  the  membrane  lying  in  the  tissues  as  a  loose 
foreign  body.  When  used  in  the  way  indicated,  no  harm  has  been  observed  to  follow  its 
employment.  The  writer  has  explored  four  nerves  protected  with  Cargile  membrane, 
at  intervals  of  3,  4,  7,  and  19  months  {Cases  5,  7,  26,  and  32).  From  them  the  conclusion 
is  drawn  that  the  membrane  is  absorbed  in  under  six  months,  during  which  time  it 
fulfils  its  purpose  in  protecting  the  nerve  from  compression  and  adhesions.  Cone  observes 
that  Cargile  membrane  is  impervious  to  nerves,  and  it  may  therefore  be  also  expected 
to  prevent  the  straying  of  nerve  fibres. 

The  plan  adopted  by  some  workers  of  making  a  bed  for  the  nerve  by  a  small 
longitudinal  incision  into  an  adjacent  muscle  belly  is  regarded  with  diffidence,  on  account 
of  the  fact  so  often  noticed  of  the  tendency  of  cut  muscles  to  adhere  to  injured  nerves. 

Types  of  Cases  in  ivhich  Neurolysis  and  Capsulectomy  have  been  Performed. — The 
cases  in  which  this  operation  has  been  performed  are  divided  into  four  groups  :  (a)  Those 
with  complete  physiological  interruption  ;  (6)  Those  with  incomplete  physiological  interrup- 
tion ;  (c)  Those  where  pain  has  been  the  indication  for  interference,  with  or  without 
complete  or  incomplete  physiological  interruption  ;  {d)  Those  associated  with  aneurysms 
and  brachial  plexus  injuries. 

The  writer  believes  that  the  reason  for  Tinel's  remarks  quoted  at  the  beginning  of 
this  section — which  have  also  been  echoed  by  writers  in  this  country — has  been  an  un- 
justified expectation  of  what  the  operation  is  capable  of  doing.  Neurolysis,  in  cases  where 
compression  by  extraneural  conditions  is  the  only  factor  involved,  is  followed  by  an 
extremely  rapid  recovery  occurring  within  a  few  days.  Because  these  striking  results 
have  not  followed  the  operation  in  other  cases  where  other  factors  are  involved,  the 
operation  has  been  too  hastily  abandoned  in  favour  of  resection  suture.  Among  the 
unoperated  cases  are  several  examples  of  spontaneous  regeneration  occurring  along  the 
same  lines  as  after  a  primary  suture  of  a  completely  divided  nerve.  In  such  a  case  the 
ojjcration  of  neurolysis  cannot  be  expected  to  produce  a  cure  in  a  few  days.  At  most  it 
could  hasten  and  render  such  a  recovery  more  complete.  Regeneration  is  a  slow  and 
tedious  affair  after  all  sutures. 

Realizing  then  that  neurolysis,  in  some  cases  combined  with  a  capsulectomy,  cannot 
be  expected  to  produce  a  rapid  cure  except  in  cases  of  pure  extraneural  compression, 
the  following  questions  remain  to  be  answered  by  an  appeal  to  the  series  of  cases  in  which 
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this  oj)eration  has  been  performed  :  (1)  Can  a  neurolysis  remove  the  conditions  which 
inhibit  regeneration  in  a  ner\-e  anatomically  continuous  but  physiologically  interrupted, 
with  degeneration  in  the  segment  below  the  injurj-  ?  (2)  Can  a  neurolysis  hasten  recoverj- 
in  a  ner\-e  anatomically  continuous  which  has  been  physiologically  interrupted,  but  which  is 
regenerating  in  the  segment  below  the  injury  ?  (3)  Of  what  value  is  neurolysis  in  cases 
where  pain  is  the  chief  symptom  to  be  relieved  "? 

A.    CASES    OF    COMPLETE    PHYSIOLOGICAL    DIVISION. 

Out  of  39  cases  undergoing  neurolysis,  17  were  undertaken  for  complete  physiological 
interruption  of  the  ner\'e,  without  loss  of  anatomical  continuity,  but  with  no  sign  of 
regeneration  in  the  segment  below  the  injurj-.     The  results  are  shown  in  Table  VI. 


Table   I' I. 


-Xecbolvsis  and  CAPStXECTOMV  IX  17  Cases  of  Complete 
Physiological  Interbuption. 


BecorsRiBS 


Number  of  cases  . . 
Average  time  since  wotmcl 
Average  time  since  operation 
Longest       ,.  „         ,. 

Shortest      „ 


OON-StDKRABLE     ]  ImpRoVKMBXT 
IMPROTEHKXT       ! 


H 

6 

17   montlts 

11   months 

12          ..          1 

8 

24 

13 

6.        ..          1 

1 

8  months 

3 

3 

1 


i.  Recovered  Cases. — These  comprise  2  ulnar,   1  musculospiral,  1  musculocutaneous, 
1  posterior  interosseous,  1  sciatic,  1  posterior  tibial,  and  1  brachial  plexus  injurj-.     The 
brachial  plexus  injurj',  forming  with  others  of  the  same  nature  a  special  group,  will  be 
described  in  a  later  section  of  the  pajjcr.     The  case 
histories   follow. 


Tlirough-and-through 
forearm    5   cm.    above 


FIG.383.— C«e38. 

a.  Spindle  neu- 
roma of  nl'ia.  6. 
Xenrolysis  capsol- 
ectomv. 


Case  38.— I*te.  F..  age  24. 
wound  of  flexor  aspect  of  right 
wrist,  .\usrust,  1916. 

September  :    Wounds  healed. 

December  :    Claw  hand.     Complete  paralysis  with  R.D. 
of  ulnar  muscles  of  hand.     Complete  ulnar  sensorj*  loss. 

Olteralion. — Neuroma    (Fig.    383).      Neurolysis.      Cap- 
siilectomy.     Cargile  membrane. 

November,    1917  :     Complete    return    of    protopathie 
sensation.     Voluntary  power  in  small  muscles  of  hand. 

.S'M/nmari/.— Reeoverj-  in   11   months. 

Case  39. — Pte.  P.,  age  20.  Shell  wound  of  lower  third  and  middle  of  right  arm,  with  com- 
pound fracture  of  humerus,  Februan.%  1916. 

April :  Wrist -drop  and  paralysis  of  musculospiral.  Great  pain  in  median  area.  Total 
paralysis  of  ulnar.     Hand  useless. 

May :  Fracture  united.  Early  recovery  of  musculospiral.  Median  and  ulnar  eondition 
unchanged. 

October :  Wound  healed.  Continued  improvement  in  musculospiral.  Median  and  ulnar 
paralysis. 

January,  1917 :  Musculospiral  recovered.  Hj'peralgesia  in  median.  Anaesthesia  in  ulnar. 
Median  muscles  have  voluntary  power,  but  are  verj-  wasted.  Ulnar  muscles  have  no  voluntary 
jHJwer  and  complete  R.D. 

Operation,  Jan.  16. — Incision  through  very  wide  scar  above  elbow.  Ulnar  thickened,  with 
very  hard  neuroma.  Median  involved  in  dense  scar.  Neurolysis  and  capsuleetomy  of  median 
and  ulnar.     Cargile  membrane.     Wound  healed  by  priman."  union. 

March  :    Scar  broke  down.     Cargile  membrane  expelled. 

.Vpril :    Scar  sound. 

.\ug.  24 :  Steady  improvement.  Formication  at  level  5  cm.  above  wrist — 250  mm.  in 
220  davs. 
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January,  1918  :    Voluntary  power  in  all  iimsclos  of  median  and  ulnar. 
sensibility  to  pin-prick.     Hand  still  tender. 

StminKir!/. — Kecovery  in   12  months.     C'arjjile  nuMnhrani'  expelled. 


('om|)lete   retuiii  of 


The  next  case,  that  of  the  musculospiral,  ilhistrates  a  condition  noticed  by  HcnlKw 
White,"  where  a  division  of  this  nerve  may  produce  an  area  of  sensory  loss  on  the  dorsum 
of  the  hand  in  which  protopathic  loss  overlaps  and  extends  beyond  the  area  of  epicritie 
loss. 

Case  40. — Pte.  S.,  ajfe  20.      Shell  wound  of  lower  third  of 
right  arm,  with  fracture  of  humerus,  .January.  1!)17. 

April  :  Wound  healed. 


l"Ki.  384.— Ca«e  40. 

Kxtent  of  loss  of 
sensation  to  a.  Pin- 
prick, b.  Cotton- 
wool. 


Fracture  united 

.July  :  Complete  para- 
lysis and  K.l).  in  mus- 
culospiral below  elbow. 
Sensation  as  in  Fig.  384. 

Operation,  Jtily. — 
Hard  neuroma,  involvinji 
7-5  cm.  of  nerve,  freed 
from  scar  {Fig.  385).  No 
conduction  of  faradism 
above  or  below  injury. 
Resection  considered 
necessary,  but  abandoned 
on  account  of  the  wide 
Capsulectomy.      New   path 


Kic;.  385.  -( Wv,-  III. 

Neuroma,  witli 
i-oniiilete  pliysiolii- 
pieal  interniption, 
of  musculospiral. 
]?efore  and  after 
neuroly.'tis  capsul- 
et'tomy. 


brachialis  antieus. 


for  nerve 
of   sensation    both    to    pin-prick    and   brush.     VoMuitary 


«iap  which   would   have   been    left 
Cargile  membrane. 

January,    1918  :     Complete    return 
flicker  in  extensors  of  wrist. 

July  :    Complete  recovery  in  all  muscles. 

Summary. — Recovery  after  12  months. 

Case  41. — Pte.  B.,  age  25.     Bullet  wound  of  left  shoulder,  January,  1917. 

April  :  Complete  musculocutaneous  paralysis,  with  R.D.  of  biceps,  eoracobrachialis,  and 
brachialis  antieus. 

Operation. — Nerve  freed  from  scar.  Capsulectomy  of  neuroma.  Free  flap  of  fat  and  fascia 
wrapped  round  nerve. 

October  :  t7j)per  arm  still  smaller  than  right.  Voluntary  power  and  faradic  response  in 
biceps.     Voluntary  power  in  brachialis  antieus. 

Summary. — Recovery  in  six  months. 

Case  42. — Pte.  T.,  age  22.  Bullet  woiuid  of  right  forearm,  with  compotnul  fracture  of  neck 
of  radius  and  injury  to  posterior  interosseous,  August.  1915. 

November  :    Complete  paralysis  with  R.D.  of  wrist,  finger,  and  thumb  extensors. 

Operation,  November. — Nerve  freed  from  callus.  Neuroma  on  nerve  just  above  level  of 
division  into  muscular  branches. 

February,   1916  :    No  recovery.     Invalided. 

March,  1918  (by  examination):  Complete  recovery  of  extensors  of  wrist  and  finpers.  No 
fiiradic  response,  but  brisk  galvanic,  without  polar  changes. 

Summary. — Recovery  within  2  years. 

Case  43.— Pte.  T.,  age  21.     Bullet  wound  of  left  buttock,  Sept.  25,  1910. 

November:    Wound  healed. 

December  :  Complete  paralysis  of  all  muscles  below  knee  with  R.D.,  and  sensory  loss  in  areas 
of  internal  and  external  popliteal. 

Operation,  December. — Nerve  freed  from  dense  scar  and  wrapped  in  Cargile  membrane.  No 
apparent  injury  to  nerve. 

January,  1917:    Voluntary  flicker  in  tibialis  antieus.     No  other  change.     Invalided. 

December  (extract  from  letter) :  "  My  leg  has  made  good  i)rogress — the  muscles  have  developed 
and  are  nearly  normal  again,  the  calf  muscle  is  also  making  rapid  progress.  I  have  a  fair  amount 
of  movement  in  my  foot,  but  there  is  still  a  little  drop.  I  manage  to  get  about  without  my  sticks 
or  the  splint,  and  am  able  to  attend  my  work,  which  is  engineering." 

Summary. — Recovery  in   11  months. 


Case  44.--I»te.  B.,  age  26.     Shell  wound  of  right  leg,  lower  third,  July  15,  1916. 
Deceml>er  :    Aniesthesia  of  sole  of  foot  and  paralysis  of  small  foot  muscles,  with  R.D. 
eussion  over  scar  causes  pins-and-needles  in  foot. 


Per- 
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Operation,  December. — Neuroma  of  nerve  freed  from  scar.     Capsulectomy. 
May,  1917  :    Sensation  recovering. 

.August  :    Faradic  response  from  small  muscles  of  foot.     Sensation  recovered. 
.9Mm»»ary.— Recovery  in  9  months. 

^  ii.  Considerably  Improved  Cases. — This  group  is  concerned  with  2  median,  1  ulnar, 
1  museulospiral,  1  sciatic,  and  1  brachial  plexus  injurv'.  With  the  exception  of  the 
brachial  plexus  lesion,  the  cases  are  given  below. 

Case  45. — Ptc.  S.,  age  34.  Through-and-through  bullet  wound  of  front  of  left  elbow,  with 
fracture  of  neck  of  radius,  April,  1917. 

.July  :  Complete  paralysis  of  all  median  muscles  with  R.D.,  and  complete  sensory   loss. 

Operation.  July  21. — Ner\e  and  its  muscular  branches  freed  with  great  difliculty  from  dense 
scar.  Sujierficial  head  of  pronator  radii  teres  divided.  Large  hard  neuroma.  Capsulectomy. 
New  intermus<'ular  path  provided. 

October:    Hand  cyanotic.     Some  recoverj'  of  pin-prick  sensation. 

April,  1918  :  Voluntarv  power  in  Hexors.  None  in  opponens  poUicis.  Pin-prick  evervwhere 
felt. 

August  :  Voluntarj-  power  in  all  median  muscles,  including  op|)onens  pollicis  and  alxiuctor 
brevis  pollicis,  l)ut  fingers  still  painfid  and  stifl.     Hand  still  cyanotic. 

Sunimary. — Considerable  improvement  in   13  months. 

Case  46.— Lieut.  H.,  age  30.     (See  Case  29.) 

Case  47.— .\.-B.  C.,age  21.  Through-and-through  bullet  wound  of  lower  third  of  up|>er  arm, 
October,  1917. 

April,  1918  :  Paralysis  of  ulnar  muscles  below  elbow  with  R.D.,  and  complete  sensorj'  loss. 

Operation,  May  9. — Neuroiifet  of   ulnar  where  ne^^•e  passes  through  internal  intermuscular 
septum.     No    faradic    conduction.     Neurolysis.     Cap- 
sulectomy.    New  intermuscular  bed  provided. 

Aug.  9:  Tinel's  sign.  Average  spread,  1-5  mm. 
per  diem.  Voluntary  power  in  flexor  carpi  ulnaris 
and  whole  of  flexor  profundus  digitorum.  Clawing  of 
little  and  ring  fingers  increased.  Recovery  of  proto- 
pathic  sensation. 

Summary.  —  Considerable  improvement  in  5 
months. 


FUi.  3S*i.— Case  48. 
a.  Xeuroma  of 
miuiculos^piral  in- 
volved in  fracture. 
h.  Xerve  freed. 
Xew  groove  cut  in 
bone.  c.  Groove 
lineiJ  with  muscle 
forraintr  bed  for 
nerve. 


Case  48.— C.-S.-AI.  IL,  age  28.  Bullet  wound  of 
upper  third  of  left  arm,  with  compound  fracture  of 
humerus,  March,  1918. 

•July  :  Complete  paralysis  of  all  museulospiral 
muscles,  with  R.D. 

Operation,  July. — Very  hard  spindle  in  course  of 
nerve  involved  in  callus  (Fig.  386).  Faint  faradic 
response  in  radial  extensors  to  strong  current.  None 
in  other  muscles.     Neurolysis.     Capsulectomy. 

September  :  Voluntary  power  in  radial  extensors. 
Still  It.D.  of  all  museulospiral  muscles. 

October :  \Veak  voluntary  power  in  common 
extensors.  Good  voluntary  power  in  radial  and  thumb 
extensors.     .Still  no  faradic  response. 

Summary.  —  Considerable  improvement  in  4 
months. 

Case  49.— Pte.  S.,  age  28.  Shrapnel  wound  of  left  buttock,  Julv,  1917.  Foot  drop.  Severe 
pain  in  left  foot. 

.August  :  Complete  paralysis  with  R.D.  of  external  popliteal  muscles,  and  corresponding 
sensory  loss.     Severe  pain  and  tenderness  of  sole  of  foot. 

Operation,  August. — Gluteus  maximus  split,  pyriformis  retracted  upwards.  Shrapnel  ball 
removed  from  hole  in  ilium.  Several  small  bone  fragments  removed  from  nerve.  Neuroma 
of  outer  side  of  nerve.  Capsulectomy.  Pedunculated  flap  of  fat  inserted  l>etween  lx>ne 
and    nerve. 

October  :   I^ess  pain  in  foot. 

Februar\-,  1918  :   Sensation  recovered  except  on  dorsum  of  three  outer  toes. 

June  :   Weak  voluntary  jjower  in  all  muscles  below  knee.     Faradic  res|)onse  present. 

Summary. — Considerable  improvement  in  11  months. 
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iii.  Improved  Cases. — These  arc  1  median,  1  sciatic,  and  1  peroneal  injury. 

Case  50. — l*te.  P..  ajje  31.  Throujih-and-throuwli  wound  of  upper  third  of  rijjht  forearm, 
.January.  1917.  .Six  days  after  wound  severe  secondary  ha'morrhagc.  Proximal  ligature  of 
brachial. 

.June  :  Severe  ischaemic  contracture  of  flexors.  Complete  sensory  loss  in  median  area,  with 
paralysis  of  opponens  pollicis  and  abductor  brcvis  pollicis,  with  R.D. 

Operation. — Hard   neuroma   freed   from   scar  tissue.     Capsulectomy.     Carjiilc   membrane. 
September  :    Partial  recovery  of  protopathic  sensation. 
Sannuary. — Improvement   in  ;{  months. 

The  sciatic  case  is  an  interesting  example  of  the  bad  result  afforded  by  a  protective 
sleeve  of  fascia  lata.  This  case  was  under  the  care  of  Major  Guilding,  who  performed 
three  operations  on  the  case,  and  kindly  allowed  the  writer  to  assist  him  at  the  third. 

Case  51.— Pte.  M.,  age  20.     Bullet  wound  of  middle  of  right  thigh,  July,  1916. 

Septemljcr :    Drop  foot.     Complete  paralysis  of  external  popliteal,  with  sensory  loss. 

First  Operation. — Nerve  simply  liberated  from  scar  tissue. 

November  :    No  recovery. 

Second  Operation. — Nerve  wrapped  in  sleeve  of  fascia  lata. 

December  :    Paralysis  of  calf  muscles,  with  sensory  loss  in  sole  of  foot,  gradually  supervened. 

February,   1917  :    No  change. 

Third  Operation. — A  spindle-shaped  neuroma,  7-5  cm.  long,  of  whole  sciatic  trunk,  involved 
in  dense  scar  and  adherent  to  surrounding  muscles,  was  exposed  and  freed.  The  fascia  lata  was 
found  to  be  incorporated  with  the  sheath  of  the  nerve,  forming  a  dense  thick  capsule.  One  ])or- 
tion  of  the  fascia  retained  its  shiny  surface,  and  was  tightly  constricting  the  internal  division  of 
the  nerve.  After  a  capsidectomy  had  been  done,  the  surface  of  the  spindle  was  covered  with 
small  bleeding  spots  where  there  had  been  an  ingrowth  of  small  blood-vessels  from  the  surround- 
ing adhesions.     Bleeding  checked  with   1-1(KH)  adrenalin.     Cargile  membrane. 

June  :    Recovery  of  sensation  in  sole  of  foot.     Voluntary  power  in  calf  muscles  and  peronei. 

Summary. — Simple  neurolysis  gave  no  result  in  3  months.  Second  neurolysis  and  protection 
with  free  sleeve  of  fascia  lata  was  followed  by  an  aggravation  of  the  symptoms.  Third  neuro- 
lysis combined  with  capsulectomy  and  Cargile-membrane  protection  gave  improvement  in  4  months. 

This  case  raises  two  questions  :  (1)  What  is  the  cause  of  the  undoubted  tendency  of 
cut  muscle  to  adhere  to  an  injured  nerve  ?  (2)  Why  does  a  fascial  sleeve  afford  no 
protection  ?  The  answer  is  given  in  Cone's  researches,  where  he  found  that  nerves  grow- 
in  both  fascia  lata  and  muscle,  and  better  in  the  former.  After  a  suture,  when  the  sheath 
has  been  properly  approximated,  a  fascial  sleeve  may  possibly  protect  a  nerve  from 
pressure  of  scar.  That  it  may  do  no  harm  is  seen  in  Case  9.  In  lacerated  nerves  where 
the  sheath  is  torn,  the  young  nerves  stray,  grow  through  the  fascia  into  the  muscles,  and 
form  a  solid  growth  of  nerve,  muscle,  and  fibrous  tissue,  so  that  as  a  protection  after  a 
capsulectomy  it  is  contra-indicated. 

Case  52. — Lieut.  F.,  age  19.  Aeroplane  accident,  .January,  1918.  Fracture  of  right  femur 
and  left  tibia.     I^eft  foot-drop.     A'  ray  showed  external  tuberosity  of  left  tibia  completely  split  olT. 

June  :   Complete  paralysis  with  K.D.  of  external  popliteal  muscles,  with  complete  sensory  loss. 

Operation. — Nerve  found  adherent  to  head  of  fibula,  with  flattened  neuroma  in  its  course. 
Neurolysis.     Capsulectomy.     New  intermuscular  path  made  for  nerve. 

July  :   Tinel's  sign  30  mm.  below  level  of  injury. 

Summary. — Improvement  in   1   month. 

The  remaining  22  operations  of  neurolysis  were  performed  either  for  incomplete 
physio'ogical  di\isions  which  were  not  recovering  satisfactorily,  or  for  the  relief  of  pain 
(including  cases  associated  with  aneurysms  and  brachial  plexus  injuries).  The  tabulated 
results  are  shown  in  Table  VII. 

Table   VII. — 22  Cases  of  Nkirolysis  for  Incomplete   Physiological 
Division  or  for  Relief   of  Pain. 


Recovery 

considerable   ]  improvement 

Improvement   j 

11 

6            2 
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B.    CASES   OF   INCOMPLETE   PHYSIOLOGICAL    DIVISIOX. 

Of  a  group  of  4  incomplete  di\isions  or  incomplete  recoveries  (one  invohing  two 
nerves),  the  first  is  yet  another  example  of  a  neurolysis  capsulectomy.  The  second 
and  third  illustrate  rapid  improvement  in  nearly-recovered  cases  from  a  simple  freeing, 
showing  that  the  mobility  of  the  ners-e  is  of  great  importance  to  the  completeness  of 
a  recover^-.  This  suggests  that  massage  and  other  means  directed  towards  mobilization 
of  the  nerve  at  the  level  of  a  suture  should  be  part  of  the  post -operative  treatment. 
The  fourth — an  early  case  in  the  series  — is  an  example  of  a  pithiatic  condition  (un- 
recognized at  the  time)  combined  with  an  organic  lesion. 

Case  53. — Sgt.  W.,  age  27.     Bullet  wound  of  right  foreami.  May,  1915. 

May,  1916  :  Admitted  under  writer.  Weak  voluntary-  power  in  opponens  pollicis.  Sensa- 
tion normal  on  ring  and  middle  finger.     Pin-priek  not  felt  over  index  finger  and  thumb. 

Operation. — Xer\-e  freed  from  scar  tissue  and  adherent  muscle.  Spindlc-slia|)ed  neuroma 
2-5  cm.  long  in  course  of  ner\e.     Capsulectomy.     Cargile  membrane. 

.\ug.  10  :    Good  opposition  of  thumb.     Recovery  of  protopathio  sensation. 

Patient  rcturneii  to  the  army  and  obtained  a  commission. 

October,  1918  (by  examination):  Hand  perfect  except  compass  test  over  palmar  surface  of 
index  finger. 

Summary. — Kecoveretl.     Compass  test  defective  after  3  years. 

Case  54. — Pte.  W.  Bullet  wound  of  middle  of  right  upper  arm,  June,  1916.  Weakness  in 
opponens  (lollicis,  with  blunting  of  sensation  in  median  area. 

Operation,  July  :   Simple  neurolysis  of  soft  neuroma.     New  intermuscular  bed  made  for  nerve. 
October :    Recovered.     Discharged  to  duty. 

Case  55.— Pens.  C.     Through-and-througli  bullet  wound  of  left  forearm.  May,  1915. 

March,  1916  :  .Admitted  for  inability  to  flex  index  and  middle  fingers.  Hy|>enesthesia  of 
median  ner\-e.  Skin  thin  and  glossy.  Nails  recurved.  Pin-prick  felt  everywhere.  Brush 
sensation  patchy. 

Operation. — Large  soft  neuroma  simply  freed  from  adhesions  to  scar  and  muscles. 

Two  days  later,  index  and  middle  fingers  could  be  flexed. 

October,  1916  :    Recovered.     Working  as  postal  clerk. 


Case  56.- -Pens.  R.,  age  33.     Bullet  wound  of  lower  third  of  right  arm,  March,  1915. 

October,  1916  :  .Admitted.  Stated  that  he 
had  been  unable  to  flex  fingers  or  op|>ose 
thumb  for  six  months  after  injur>'.  Pithiatic 
condition.  Nails  recur\-ed.  Skin  pink  and 
sweating.  No  muscular  wasting  or  paralysis, 
but  unable  to  flex  fingers.  Coarse  tremor  when 
flexion  of  fingers  is  attempted,  with  synergic 
contraction  of  extensors.     Sensation  normal. 

Operation,  November. — Mulberrj-like  neu- 
roma of  median,  and  lateral  neuroma  of 
ulnar,  freed  from  scar  tissue  and  adherent  muscles  {Fig.  3S7). 

March,  1917  :    Sweating  cured.     Functional  tremor  and  inabilitv  to  flex  fingers  unaltered. 


Fig.  ZS7.—Ca*e  5«. 
a.  Spindle  neu- 
roma of  meiUan, 
and  small  lateral 
notch  of  ulnar, 
associated  with 
pithiatic  condition. 
6.  After  nenrolvsis. 


C.    P.\IXFUL    LESIONS. 

Pain  has  occurred  in  var\-ing  degrees  and  under  various  circumstances.  The 
extreme  form  known  as  causalgia  has  been  noted  in  5  cases,  affecting  the  median 
twice,  and  the  sciatic  trunk,  the  external  popliteal,  and  the  anterior  crural  once  each. 
These  cases  form  a  distinct  clinical  group,  and  are  characterized  in  brief  by  the 
intense  paroxysmal  and  burning  pain,  by  the  atrophy  of  the  limb  below  the  lesion, 
by  the  weakness  of  the  muscles  without  any  definite  paralysis,  by  the  harsh  dr\- 
skin  and  absence  of  perspiration,  and  by  the  peculiar  mental  condition  which  develops. 
Benisty"  says,  "  Patients  so  affected  are  dismal,  pale,  and  waxen.  .  .  .  They  escape  from 
noise,  avoid  society,  and  remain  curled  up  in  their  beds  or  on  a  sofa  in  peculiar  attitudes 
of  defence."  They  are  martjT^  to  insomnia,  and  lose  their  appetites.  Two  of  the  five 
cases  threatened  suicide.     The  group  stands  out  in  contrast  with  the  less  severe  form. 
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KiG.  388. — Case  57. 

a.  Neuroma  of 
sciatic,  with  new 
bone  formation  in 
capsule.  6.  After 
neurolysis  capsul- 
ectomy.  c.  Collar 
of  bone  removed 
from  capsule. 


in  which  pain,  though  oftentimes  very  severe,  is  not  associated  with  any  change  in  tlic 
patient's  mentality,  and  in  wiiich  the  skin  is  pink,  soft,  and  bathed  in  sweat. 

Of  three  belonging  to  the  series,  two  (Cases  15  and  22),  one  median  and  one  anterior 
crural,  have  already  been  described  ;  the  remaining  one  is  a  particularly  interesting 
example  of  an  osseous  formation  in  the  sheath  of  the  sciatic  trunk,  analogous  to  the 
so-called  traumatic  myositis  ossificans.  The  other  two  cases  described  below,  not  included 
in  the  statistical  tables,  are  given  because  of  their  intrinsic  interest. 

Case  o7. — Pte.  M.,  age  24.  Throiigh-and-throus;h  bullet  wound  of  upper  riylit  thigli, 
October,  1916.  Entrance  wound  left  side  of  scrotinn.  Exit  behind  and  level  witli  tip  of  great 
trochanter. 

Patient  suffers  intense  burning  pain,  so  severe  at  times  that  he  is  found  cry- 
ing. He  will  not  leave  his  bed,  but  remains  curled  up 
under  the  bed-clothes.  No  anspsthesia.  No  paralysis. 
Much  wasting  of  leg.     .Skin  of  foot  harsh  and  dry. 

Operation. — Bony   collar   found   in   sheath   of  sciatic 

trunk.     The  condition  was  that  of  a  spindle-shaped  neu- 

/f^^  (    ^■\  roma  with  osseous  formation  in  the  capsule  {Fig.  388  a). 

,^  t^Tv^  [   fi^^l  Neurolysis.     Capsulectomy.     Cargile   membrane.     Surface 

of  the  nerve  compressed,  grooved,  and  pitted  by  the 
bone.  After  removal,  the  pieces  of  bone  fitted  together 
like  a  jig-saw  puzzle  into  a  collar  through  which  the 
nerve  passed  (Fig.  388  c). 

A  study  of  the  position  of  the  entrance  and  exit 
wounds  suggested  that  the  bullet  grazed  the  tuber  ischii 
and  carried  with  it  some  osteoblasts  which  were  deposited 
around  a   laceration  of  the  nerve. 

May :  Improved.  Sleeps  well.  X  ray  shows  no 
recurrence. 

November :  Cured,  ('an  walk  about  all  day  in 
boots. 

December :    Discharged  to  Command  Depot. 
Summary. — New  bone  formation  in  capsule  of  spindle 
neuroma,  causing  pain — relieved  by  operation. 

The  next  case  is  an  example  of  the  failure  to  cure  the  condition  (causalgia)  by  Sicard's 
plan  of  injecting  the  nerve  with  60  per  cent  alcohol — followed  by  immediate  relief  after 
exsection  suture. 

The  writer  views  the  injection  of  nerve  trunks  with  some  diffidence.  Several  cases 
have  now  been  recorded  in  which  severe  trophic  ulceration  has  been  produced  ;  and  he 
has  heard  of  one  ca.se  in  which  15  cm.  of  a  median  nerve  were  totally  destroyed  by  this 
procedure.  In  addition,  he  has  now  under  his  observation  two  cases  in  which  the  internal 
popliteal  nerve  was  injected  with  60  per  cent  alcohol  for  pain  associated  with  tonic  spasm 
of  the  calf  muscles,  in  which  total  paralysis  with  R.D.  resulted  and  persisted  for  over  six 
months. 

Case  .>8. — Pte.  D.,  age  24.     Shrapnel  wound  of  left  thigh,  July,  1917. 

August,  1918  :   Shrapnel  ball  removed  from  side  of  knee  in  France. 

On  admi.ssion,  patient  was  morose  and  silent.  Complained  of  severe  pain  in  left  foot.  Weakness 
but  no  paralysis  in  anterior  tibial  and  peroneal  muscles. 

.September :    Nerve  injected  with  60  per  cent  alcohol. 

October  :    No  relief  from  pain. 

0/;era/»'o«.— Small  lateral  neuroma  of  external  popliteal.  Affected  segment  exsectcd.  Suture. 
Immediate  relief  of  pain. 

October,  1918  :  Sensil)ility  to  pin-prick  recovered.  Voluntary  power  and  faradic  response 
in  anterior  tibial  and  peroneal  muscles. 

.S'M/M/war//.-  Cau.salgia  of  external  popliteal.  No  relief  after  injection  of  60  per  cent  alcoliol. 
(,'ured  by  exsection  of  affected  segment,  with  suture. 

The  last  case  is  an  example  of  causalgia  resulting  from  a  minute  injury  of  the  nerve 
by  two  tiny  metal  fragments  some  distance  away  from  the  wound. 

Case  .59.— Gnr.  H.,  ape  31.     Shell  wound  of  left  forearm.  May,  1918. 
June  :    Very  severe  median  causalgia  of  left  hand. 
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Operation .— Scar  excised.  Xo  injury  to  median  nerve  in  immediate  region  of  wound.  Nerve 
found  adherent  to  muscles  two  inches  below  wound.  Adhesions  separated.  Small  lateral  neuroma. 
Two  tiny  metallic  fragments  found  and  removed  from  surface  of  neuwma  {Fig.  389).  Nerve 
injected  with  60  per  cent  alcohol  on  proximal  side. 

Octoljer  :    Incomplete  relief  of  pain. 


I 


MEDIAN 


NERVE 


Showing  small  lateral  CICATRIX  &2  F.Bs  embedded  in  nerve  substance. 


Length  •48mm. 
Width    -Z^mm, 


Approximate 
size  of  the 
two   foreign 
bodies  as 
they  appeared 
to  the  naked 
eye. 


Length 
•98  mm. 

Width 
•44mm. 


Micrometer   Scale 
Drawing   made  under  '/3  objective. 

Fig.  3S9.    Case  59.    Tiny  fragments  buzied  in  median,  prodacing  severe  caasalgia. 
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In  all  of  the  preceding  cases  a  definite  injury  of  a  main  triuik  has  been  discovered, 
in  four  instances  associated  with  the  formation  of  a  small  lateral  neuroma  or  lateral  bulb. 
Of  these  four,  in  three  the  pain  was  immediately  relieved  by  exsection  of  the  affected 
segment.  Why  is  it  that  this  type  of  lesion  ])roduces  a  causalgia  in  some,  pain  of 
moderate  severity  in  others,  and  no  pain  at  all  in  the  remainder  ?  Marinesco  and  Corner^* 
have  explained  the  pain  in  amputation  neuromata  by  the  irritation  of  an  infective 
inflammation.  Possibly  the  answer  to  the  question  is  to  be  found  in  the  presence  or 
absence  of  inflammation  ;  or  it  may  be  that  the  inflammatory  reaction  to  different  jjroups 
of  organisms  provides  the  true  solution.  In  this  connection  a  study  of  the  bacterial 
flora  of  infected  nerve  wounds  would  be  of  considerable  interest. 


With  regard  to  pain  of  moderate  severity,  a  neurolysis  revealed  in  9  cases  a  small 
lateral  neuroma  in  the  course  of  the  nerve.  In  all,  the  operation  was  followed  by  some 
relief  for  a  few  days,  but,  in  all,  the  pain  recurred  to  a  greater  or  lesser  extent,  and  after 
some  months  disappeared  slowly  and  spontaneously.  The  nerves  involved  were  the 
median  in  4  cases,  the  internal  cutaneous  in  1,  and  j^the  sciatic  or  its  branches  in  -t. 
The  record  of  one  will  serve  to  illustrate  them  all. 

Case  GO. —  Pte.  C,  aj>e  24.     liullet  wound 

of  upper  third  of  left  arm,  Sej)teml)er,  1915. 

November :  Much  pain  in  median  area. 
No  paralysis  or  ana>sthesia.  Skin  of  hand 
pink  and  sweating.  Nails  tapering  and  curved. 
A  pin-priek  produces  a  red  spot  which  remains 
for  two  days. 

Operation. — Median  freed  from  scar  tissue. 
Nerve  swollen  and  blue-grey,  with  spots  of 
dark  purple  colour.  On  its  inner  side  a  small 
neuroma  adherent  to  the  bicei)s  muscle. 

December :  Relief  followed  operation  for 
a  few  days,  but  pain  and  tenderness  have 
returned.     Skin  still  glossy  and  sweating. 

May,  191G:  Some  improvement,  but  still 
pain.     Vasomotor  disturbance  still  evident. 

.'\ugust :    Considerable  improvement. 

November;     Cured. 


^ 


Summary. — Immediate  relief,  followed  by 
recurrence  of  pain,  after  neiirolysis.  Gradual 
spontaneous  cure. 

Only  one  case  of  pain  has  been  seen 
which  could  be  attributed  to  the  sole  factor 
of  irritation  by  a  foreign  body. 

Ca.H€  61. — Pte.  C,  age  33.  Shrapnel  wound 
of  left  buttock,  .\pril,  1917.  Entrance  left 
buttock  (5-2  cm.  behind  great  trochanter. 
Severe  jiain  in  foot  when  walking,  sitting, 
or  lying  down.  No  paralysis  or  anaesthesia. 
A'  ray  showed  foreign  body  in  neighbourhood  of  sciatic  (Fig.  390). 

Operation. — Gluteus   maximus   split.     Foreign    body    foimd    embedded    in    scar   just   behind 
sciatic.     Removed. 

Immediate  and  permanent  relief  of  pain. 


YlC.  390. — Cdif  61.     Forei'-'ii  body  causiiiir  pain  in  sciatic. 


D.    CASES    ASSOCIAl-ED    WITH    ANEURYSMS    AND    BRACHIAL 
PLEXUS    INJURIES. 

Five  cases  remain  to  be  recorded  where  a  neurolysis  was  performed  for  the  relief  of 
pain  and  pressure  symptoms  resulting  from  the  presence  of  an  ancur^'sm. 

One  of  these,  a  case  of  partial  median  and  ulnar  paralysis,  associated  with  severe 
pain   produced   by   the   pressure   of   a  circumscribed  traumatic  aneurysm  of  the  brachial 


STUDY    OF    PERIPHERAL    NERYE    INJURIES      451 

in    the    upper   third    of   the    arm,    has    already    been    recorded    by    the    writer    in    this 
Journal.*' 

The  second  deserves  recording  from  other  points  of  view  than  that  of  the  ner\-e  injur>% 
and  was  of  dramatic  interest  throughout. 

Case  62. — L.-Cpl.  C,  age  28.  Bomb  wounds  of  lower  third  of  left  arm  and  left  thigh,  July 
28,  1916. 

Notes  from  France. — Foreign  body  removed  from  thigh  two  days  after  date  of  womid.  Small 
suppurating  wound  of  left  arm. 

.Aug.  6  :  .\dmitted.  Woimd  of  ami  healed.  Small  varicose  aneurysm  with  thrill,  murmur, 
and  expansile  pulsation  of  brachial  arterj-.  No  ner\e  involvement.  Suppurating  woimd  of 
inner  side  of  left  thigh.  Intense  thrill  felt  over  femoral  vessels,  and  loud  machinery  murmur 
heard  with  stethoscope. 

Aug.  9  :   .\t  5  p.m.  severe  secondary  haemorrhage  from  wound  on  inner  side  of  left  thigh. 

Opera/ioH.— Ligature  of  profunda  fcmoris.  Thrill  and  ha-morrhage  ceased.  Woimd  opened 
up  on  inner  side  of  thigh.  Large  suppurating  cavity  filled  with  blood-clot  evacuated.  Free 
venous  oozing  checked  by  gauze  plugging. 

.\ug.  10  :    Temi)erature  105^.     Pulse  140. 

Aug.  11-1.">:     Remitting    temperature    102-104.      Pulse     120-140.      Patient    critically   ill. 

Aug.  16 :  Pathologist  reported  pure  growth  of  streptococci  from  blood.  Wound  over 
femoral  vessels  suppurating.  Stitches  removed.  Respirations  rapid.  Patient  spitting  blood- 
stained sputum.     Vaccine  treatment  begun,  1  million. 

.\ug.  19 :  Patient  ver>-  alert.  Incontinence  of  fa*ces.  Temperature  103'.  Pulse  130. 
Vaccine,  2  million. 

.Aug.  22  :    Patient    no  better.      Passes  4  ounces  of  blood  |ier  rectum.      Vaccine.  4    million. 

.Aug.  23  :  Femoral  artery  visibly  pulsating  at  l>ottom  of  wound.  While  dressing,  secondary 
haemorrhage  from  common  femoral.     Ligatured  in  bed  alwve  hole  in  vessel.     Vaccine.  8  million. 

.Aug.  27  :    Patient  still  very  ill.  and  delirious.     I.,eg  and  foot  warm. 

.Aug.  28  :  The  ligature  tied  on  .Aug.  23  ulcerated  through  vessel  wall.  Haemorrhage  con- 
trolled by  patient.  .Another  ligature  tied  round  common  femoral  just  Ijelow  Poupart.  Later, 
bleeding  liegan  again.  Xo  more  vessel  available  for  ligature.  Patient  apparently  moribund. 
Firm  pad  and  bandage. 

Sept.  1  :  Patient  rallied.     No  more  haemorrhage.     Vaccine.  16  million. 

Sept.  6 :  Patient    worse.     TemperatJire    104'.     Muttering   delirium.     Respirations   40. 

Sept.  7  :  Rib  resected  under  local  ansesthetic  in  patient's  lied — large  empyema  evacuated. 

Sept.  9  :  Sensitized  vaccine,  30  million. 

Sept.  10 :  Sensitized  vaccine.  60  million. 

Sept.  21  :  Tem|)erature  normal  for  first  time  since  admission.     Mental  condition  l)etter. 

Oct.  20  :  Thigli  wounds  rapidly  healing.  Empyema  closinir.  Patient  much  better.  Varicose 
aneurysm  of  brachial  not  increased.     Sent  to  auxiliary  hospital. 

Nov.  2  :  Returned  for  immediate  operation  on  arm.  Patient  in  great  |)ain,  with  complete 
paralysis  of  median  and  ulnar.  Huge  pulsating  swelling  of  left  arm,  extending  from  axillar\- 
border  to  elbow,  and  \er\  tense.     .Scar  of  wound  stretched  and  thin  and  on  |>oint  of  giving  way. 

Operation. — Third  part  of  axillar\-  securetl.  Ven.'  large  dissecting  aneurysm  evacuated. 
Ulnar  and  median  nerves  freed. 

February,  1917:  Still  some  numbness  in  median  area  and  weakness  in  opponens  pollieis. 
Otherwise  cured. 

Summary. — Paralysis  and  pain  caused  by  pressure  of  rapidly  increasing  varicose  aneurysm 
of  brachial,  cured  by  operation. 

The  remaining  three  are  cases  of  injury  to  the  brachial  plexus  associated  with  the 
presence  of  an  aneurA'sm. 

Benisty  writes  :  "  Lesions  of  the  brachial  plexus  have  a  general  tendency  to  recover," 
which  is  explained  by  the  fact  that  the  functional  disability  following  injuries  of  the 
brachial  plexus  is  at  first  greater  than  would  be  expected  from  the  actual  lesions.  This  is 
noticeable  in  the  following  cases. 

Case  63.— Pte.  J.,  age  21.     Bullet  wound  of  right  chest,  .May,  1917. 

June  :  Entrance  wound  2-5  cm.  l>elow  right  clavicle,  over  line  of  axillani-  arterj-.  Exit  near 
centre  of  vertebral  border  of  scapula.  Both  healed.  Main  en  griffe.  Finger-tips  blue.  Great 
pain  and  tenderness  of  fingers.  Weakness  and  wasting  of  whole  arm  below  shoulder.  Xo  para- 
lysis. Thrill  palpable  over  wide  area  round  entrance  wound.  Machinery  murmur,  conducted 
into  the  neck  and  as  low  as  bend  of  elbow.  Xo  heart  mumuir.  Thrill  and  murmur  suppressed 
by  digital  pressure  of  subclavian.     Radial  pulse  very  weak  on  right  side. 

July  :    Xo  improvement.  ^ 
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OperaHou. — Vertical  incision.  Subclavian  exposed,  and  controlled  with  loop  of  lijratiirc. 
Division  of  clavicle.     Artery,  vein,  and  cords  of  brachial  plexus  dissected  from  scar  and  idcntilied. 

Aneurysmal  varix  found  opposite  point  of  origin 
of  thoracic  axis  {Fig.  aOl).  Vein  luiffely  dilated 
l)elow  point  of  communication.  Communication 
between  vessels  more  clearly  defined,  and  liga- 
tured. Thrill  immediately  ceased  and  radial 
pulse  became  perceptibly  stronger.  Clavicle 
wired.     Wound  closed. 

October :  All  movements  of  arm  good. 
Nutrition  of  muscles  improved.  No  pain  in 
hand.  Soft  systolic  bruit  heard  over  site  of 
ligature.  No  thrill  and  no  machinery  murmur. 
Transferred  to  military  convalescent  hospital. 

Summary. — Aneurysmal  varix  of  first  part 
of  axillary,  complicating  compression  of  brachial 
plexus  by  scar  tissue.     Cured  by  operation. 


"^ANEURYSM 


I'IG.  391.— Ca^p(>.?. 

Aneurysmal  varix 
of  first  i>ortion  of 
axillary  vessels. 


ARTERY 
ULNAR    NERVE 


FIG.  392.— Caie04, 

Circumscribed 
traumatic  aneur- 
ysm of  axillary 
artery,  with  injury 
to  brachial  plexus. 
Before  and  after 
removal  of  aneur- 
ysm and 
lysis. 


neuro- 


Case  64. — Pte.  R.,  age  21.  Bullet  wound  of  right  shoulder,  July,  1916.  Wrist -drop.  Loss 
of  sensation  in  little  and  ring  fingers. 

September :    Paralysis   and   R.l).   in   all   museulospiral   muscles,   including  triceps.     Loss  of 
sensation  in  ulnar  area.     Paralysis  with  R.D.  in  flexor  carpi  ulnaris,  ulnar  half  of  flexor  |)rofundus, 
and  interossei.     Wasting  and  weakness  in  median  muscles,  without  paralysis.     Much  pain  and 
tenderness  in  median  sensory  area.     Mus- 
culocutaneous not  affected. 

October  :    I'nchanged. 

Operation. — An  incision  beginning  near 
inner  end  of  clavicle,  and  1  cm,  below, 
was  carried  outwards  as  far  as  the  cora- 
coid  process.  Turning  down  along  the 
groove  between  the  deltoid  and  pectoralis 
major  muscles,  it  ended  in  the  arm  2-5  cm. 
below  the  anterior  axillary  fold.  Pectoralis 
major  and  minor  divided  near  their  inser- 
tions, and  cutaneo-muscular  flap  turned 
inwards  and  downwards  with  its  vascular 
and  nervous  supply  intact.  Small  circum- 
scribed traumatic  aneurysm  of  second  part 
of  axillary  {Fig.  392).  Vessel  tied  above 
and  below  and  aneurysm  removed.     Nerves  freed  from  scar.     Small  lateral  neuroma  of  median. 

March,  1917  :  Triceps,  extensors  of  wrist,  and  fingers  recovered.  Ulnar  condition  unchanged. 
Less  tenderness  in  median  area. 

June  :  Recovery  beginning  in  ulnar.  Voluntary  i)ower  in  flexor  carpi  ulnaris.  Interossei 
and  small  muscles  still  paraly/.ed. 

Summary. — -Circumscribed  traumatic  aneurysm  of  axillary,  with  injury  to  brachial  plexus. 
Considerable  improvement  8  months  after  operation.     Slow  recovery  of  ulnar. 

Case  65. — Pte.  S.,  age  19.  Bullet  wound  of  right  shoulder  in  Mesopotamia,  April,  1916. 
Gradually  increasing  wasting  and  weakness  of  right  arm. 

•July :  Whole  arm  below  shoulder  wasted.  Weak  voluntary  power  in  biceps,  brachialis 
anticus,  coracobrachialis,  deltoid,  triceps,  and  extensors  of  wrist.  Paralysis  of  extensors  of 
fingers,  with  absent  faradic  response  but  brisk  galvanic.  Complete  paralysis  with  R.I),  of  all 
median  and  ulnar  muscles,  with  corresponding  complete  anaesthesia.  Large  hard  mass  filling 
uf)  axilla.     No  pulsation  felt. 

Operation. — Exposure  as  in  last  case.  Very  large  circumscribed  traumatic  aneurysm  of 
second  part  of  axillary,  extending  far  down  between  the  latissimus  dorsi  muscle  and  chest  wall. 
Artery  tied  aljove  and  below.  Sac  opened  and  contents  evacuated.  Median  and  ulnar  nerves 
spread  out  and  thinned  on  anterior  surface  of  sac.     Nerves  freed. 

Novemljer  :  Voluntary  power  in  extensors  of  finger  and  thumb.  Recovery  of  protopathic 
sensation  in  median  sensory  area.  Vohmtary  power  in  flexor  carpi  radialis.  Ulnar  condition 
unchanged. 

March,  1917  :  Continued  improvement  in  median.  Voluntary  power  in  flexor  sublimis  and 
pronator  radii  teres.  No  recovery  of  vohmtary  power  or  sensation  in  ulna.  Tinel's  sign  half-way 
.  down  forearm  over  idnar. 

August  :  Faradic  response  in  all  median  and  museulospiral  muscles.  Ulnar  muscles  still 
paralyzed,  with  R.D. 

October  :    Recovery  of  protopathic  sensation  in  ulnar  area.     Voluntary  power  in  flexor  carpi 
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ulnaris  and  flexor  profundus.     Great  improvement  in  nutrition  of  hand.     Discharged  to  Command 
Depot. 

Summary. — Large  traumatic  aneurysm  of  axillary,  causing  paralysis  in  muscidospiral,  median, 
and  ulnar.     Considerable  improvement   15  months  after  operation. 

4.    ALTERNATIVE     OPERATIONS. 

r  Substitution  of  the  action  of  the  pronator  radii  teres,  flexor  carpi  ulnaris,  and  flexor 
carpi  radialis  for  that  of  the  normal  extensors,  to  render  practicable  extension  of  the 
wrist,  fingers,  and  thumb  in  cases  of  irreparable  injury  to  the  musculospiral,  has  been 
carried  out  in  4  cases. 

The  writer  cannot  agree  with  Souttar  that  such  operations  will  be  only  rarely  required. 
The  functional  results  in  this  o|>eration  are  so  excellent  that  it  should  be  regarded  as 
the  operation  of  choice  whenever  the  musculospiral  is  incapable  of  repair  without  the 
sacrifice  of  bone  or  interference  with  a  neighbouring  nerve. 

A  point  of  great  importance  in  obtaining  a  good  and  rapid  result  is  the  preliminarj' 
education  of  the  muscles  which  are  to  be  used  for  the  substitution. 

The  following  case  is  the  counterpart  of  the  remainder. 


Fig.  393. — Ca*e  66.     I-"nnction  of  hand  after  alternative  operation  for  complete  mnsculospiial  division 

Case  66. — Pte.  P.,  age  36.     Shrapnel  woimd  of  left  arm,  with  compound  fracture  of  humerus, 
August,  1917. 

yotes  from  France. — Posterior  cord  of  brachial  plexus  severed,  5  cm.  destroyed. 
October  :   Wound  of  axilla  healed,  leaving  very  large  dense  scar.     TineFs  sign  over  scar  alon» 
radial  sensory  area.     Complete  paralysis  with  R.D.  of  musculospiral  muscles  below  elbow. 


454  THE     BRITISH    JOURNAL    OF    SURGERY 

January  to  Ai>ril,  U)l«  :  Muscle  education.  Patient  taught  independent  control  of  flexor 
carpi  radialis,  pronator  radii  teres,  and  flexor  carpi  idnaris. 

April :    No  recovery  in  niusculos))iral.     Tinel's  sign  has  not  spread. 
Operation. — Alternative  operation  described  by  Sir  Robert  Jones. 
June:    Excellent  result  {Fig.  S93). 

A  case  of  open  division  of  the  tendons  of  the  external  rotators  of  the  thigh,  for  a  tonic 
spasm  of  these  muscles  following  an  irritative  lesion  of  the  obturator  nerve,  is,  perhaps, 
on  account  of  its  rarity,  worthy  of  record. 

Case  G7. — Pte.  S.,  age  20.     Shell  wound  of  left  groin,  December,  1917. 

January,  1918:  Complains  of  pain  in  region  of  left  hip.  Walks  badly,  with  leg  everted 
{Fig.  394  a).     X  ray  shows  foreign  body  in  obturator  foramen  15  cm.  from  surface. 


I'Ki.  394. — Case  67.     Injury  to  obturator  nerve,  causing  spasm  of  external  rotators  of  thigli. 
a.  Before  ;   b.  After  division  of  tendons. 

March  :    No  improvement. 

Operation. — Foreign  body  removed.     Obturator  nerve  freed  from  scar  tissue.  ^ 

April :    No  improvement  in  spasm  of  external  rotators  of  thigh. 
May  :    Correction  of  position  in  plaster-of-I'aris. 
June  :    No  improvement. 

Operation. — Through  open  incision,  tendons  of  obturator  internus  and  externus  divided  near 
their  insertions. 

•July :    Walking  well.     Condition  cured  {Fig.  394  6). 

5.    UNOPERATED    CASES. 

These  number  55.  They  are  divisible  into  two  groups  :  («)  Complete  physiological 
division,  29  cases  ;    {b)  Incomi)lete  physiological  division,  26  cases. 

a.  Complete  Physiological  DivisiON.^Tr/Wg  VIII  shows  the  results  in  the  29 
cases  in  this  group. 
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Table  VIII. — Unoperated  Cases  of  Complete  Physiological  Division. 


Recoveries  Oonsideradle 

(April,    1918)  iMPROVEMEVr 


ISIPROVEMEVr       '        XO  RESt"LT 


12 


Of  the  12  cases  labelled  '  No  result,'  2  were  cases  of  musculospiral  injury,  and  after- 
wards had  an  alternative  operation  performed  ;  3  have  since  been  operated  upon — two 
sutures  and  one  neurolysis  capsulectomy  ;  3  await  operation  ;  2  were  transferred  to  other 
hospitals  ;    and  2  refused  operation. 

Of  the  17  cases  which  recovered  or  improved,  6  were  cases  of  nerve  concussion,  and 
cleared  up  in  less  than  six  weeks  from  the  date  of  injury  ;  the  fate  of  the  remaining  11  is 
shown  in  Table  IX. 

Table  IX. — Details  of  Improved  Cases. 


roXSlHERABLE 

Improvement 


IMPROVEMENT 


Number  of  casas       . .  •  •  I  ^  *  ^ 

Average  time  from  date  of  wound  13  months  {  11  months  8  months 

Longest  time  „  „  i  18       „  !  13       „  10 

Shortest  time  „  „  i  10       „  !  8       „  6 


These  cases  are  not  recorded  in  detail,  but  the  general  results  given  in  Table  IX  are 
of  more  than  ordinary  interest.  At  their  beginning  the  cases  showed  complete  paralysis 
with  R.D.  in  the  affected  muscles,  and  complete  sensorj'  loss,  yet  they  recovered 
spontaneously  along  the  lines  which  would  be  expected  to  follow  a  primarv'  suture.  The 
record  of  one  case  will  be  a  sufficient  commentar>-  on  the  remainder. 

Case  B8.—  l*te.  L.,  age  19.  Through-and-through  bullet  wound  across  right  popliteal  space, 
March,  1917.     Foot-drop. 

April :    Complete  external  popliteal  paralysis  with  R.D.,  and  complete  sensory  loss. 

September  :    Xo  change. 

October :  Protopathic  sensation  recovering.  Still  some  loss  of  epicritic.  Formication  en 
percussion  over  head  of  fibula.     Still  paralysis  and  R.D.  in  muscles. 

November  :    Vohmtary  flicker  of  peronei  visible.     Epicritic  loss  diminishing. 

.January,  1918  :   Voluntary  power  in  tibialis  anticus. 

August  :  Voluntary  power  and  faradic  response  in  all  muscles  supplied  by  external  popliteal. 
Pin-prick  and  brush  everywhere  felt. 

Summary. — Spontaneous  recovery  after  16  nsonths. 

The  question  may  well  be  asked  :  ^\^lat  condition  of  the  nerve  would  have  been  found 
had  exploration  been  performed  at  the  end  of  five  months,  when  to  all  appearance  the 
patient  suffered  from  a  complete  division  of  his  external  popliteal  ?  While  proof  is 
impossible,  there  is  strong  presumptive  evidence  that  these  cases  are  those  with  spindle- 
shaped  neuromata.  Compare  Table  IX  with  Table  VI,  and  note  the  extraordinary 
parallel  between  the  average  time  from  date  of  wound  to  date  of  improvement  and 
iecover\-  in  those  cases  known  to  be  neuromata  and  in  those  which  recover  spontaneously. 

At  present,  unless  many  months  are  allowed  to  elapse,  and  unless  frequent  examina- 
tions are  made,  there  are  no  means  of  distinguishing  between  a  nerve  which  has  undergone 
complete  anatomical  section,  and  one  injured,  which  is  about  to  undergo,  but  has  not  yet 
undergone,  spontaneous  repair. 

Are  we  then  to  wait  six  to  eight  months  before  exploring  ?  Quite  definitely,  Xo  I 
Any  ease  with  evidence  of  complete  physiological  di\ision  should  be  explored  as  soon  as 
the  condition  of  the  wounds  admits — if  for  no  other  reason  than  that  a  complete  section 
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may  be  found,  and  so  allow  of  operative  repair  being  undertaken  at  tlic  earliest  date 
possible.  But  the  writer  would  enter  an  earnest  plea  against  exseetion  of  spindle-shaped 
neuromata,  whether  hard  or  soft,  whether  eondueting  the  faradic  current  or  not,  at  any 
period  earlier  than  ten  months  after  the  injury. 

6.  Inco-mplkte  Physiological  Division. — The  fate  of  these  26  cases  is  shown  in 
Tabk  X. 

Table  X. — Unoperated  Cases  of  Incomplete  Physiological  Division. 


Rrcovery 

CONSIDERABLK     ;     ImpKOVEMEXT 

Improvement    ^ 

Xo  Kksilt 

10 

7     : 

1 

SOME     GENERAL     REFLECTIONS. 

It  has  been  quite  impossible  to  study  this  series  of  cases  without  reflecting  on  some 
of  the  dark  and  unsolved  problems  of  nerve  regeneration.  Let  it  be  said  at  once  that 
Cone's  researches  have  been  a  fruitful  source  of  inspiration,  and  have  explained  many 
points  which  were  obscure.  In  these  reflections,  the  spindle-shaped  neuroma  has  loomed 
large. 

The  writer  has  not  seen  any  case  of  complete  physiological  division  later  than  twelve 
months  after  injury  in  which  the  condition  was  not  a  complete  anatomical  section.  On 
the  other  hand,  many  cases  with  palpable  spindles  on  their  nerves  have  been  seen  with  full 
and  complete  recoverj%  A  series  of  cases  in  which  this  condition  was  present,  the  majority 
of  which  recovered,  all  of  which  improved,  has  been  recorded  in  this  paper.  A  further 
series  of  spontaneous  recoveries  in  which  there  is  presumptive  evidence  that  the  same 
condition  exists  has  been  noted. 

Cone  has  made  a  series  of  remarkable  experiments  on  the  growth  of  nerve  tissue 
taken  from  war-injured  nerves  and  transplanted  into  guinea-pigs.  From  these  he 
concludes  that  war-injured  nerves  are  ready  to  unite  at  both  ends  of  the  injury  before  the 
end  of  eight  months.  These  findings  receive  striking  clinical  confirmation  in  the  writers 
cases  by  a  comparison  of  the  average  time  from  wound  incidence  to  date  of  improvement 
noted  in  Tables  VI  and  IX.  The  single  case  in  the  series  which  most  bears  on  this 
question  is  Case  7.  Here  definite  evidence  is  available  that  spindle-shaped  neuromata 
had  formed  at  both  ends  of  a  nerve  transplant  where  it  joined  the  injured  nerve,  and  that 
both  transplant  and  injured  nerve  had  shared  in  their  formation.  At  the  end  often  months 
axis  cylinders  had  grown  through  both  spindles  as  well  as  the  transplant. 

Have  these  facts  any  bearing  on  the  technique  of  secondary  suture  ?  Delageniere, 
writing  of  suture,  says,  "  A  neuroma  is  found  on  the  central  end,  a  pseudo-neuroma  on 
the  peripheral  end.  Both  are  obstacles  to  regeneration  and  must  be  resected  and  the 
freed  axis  cylinders  of  both  ends  put  in  contact.*"  Souttar,  after  dividing  the  nerve  as 
near  to  the  |X)int  of  injury  as  is  compatible  with  the  i)resence  of  healthy  fibres  in  the 
divided  end.  examines  that  end,  and  if  the  nerve  bundles  do  not  appear  sufficiently  normal, 
a  further  slice  is  removed.  Kennedy^ ^  says,  "  In  all  cases  it  is  most  essential  to  see  the 
normal  appearance  of  the  fasciculi  in  the  nerve  section,  and  slice  after  slice  must  if 
necessary'  be  cut  from  the  nerve  end  until  this  is  attained,  not  only  in  the  central  but  also 
in  the  peripheral  end."  Further  on.  he  says,  '"  It  is  not  safe  to  reunite  a  nerve  trunk  by 
means  of  the  bulbs  :  some  result  might  be  obtained  in  this  way,  but  it  is  apt  to  be 
imperfect  ;  the  connective-tissue  element  in  the  bulb  may  contract  and  interfere  with  the 
conductivity.  It  is  therefore  right  to  remove  the  bulbs  entirely.'"  The  writer  does  not 
know  whether  these  last  remarks  on  the  reunion  of  nerve  trunks  by  the  bulbs  are  the 
result  of  clinical  observation  of  cases  so  treated,  or  whether  they  are  merely  the  a  priori 
reasoning  from  histological  researches.     But  the  point   in  question  is  one  of  great  and 
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immediate  importance.  All  the  suture  eases  in  this  series  have  been  dealt  with  by  the 
method  advocated  by  these  ^vrite^s,  yet  few,  if  any,  have  equalled  either  in  rapidity  or 
completeness  the  recoveries  which  occur  after  neurolysis  capsulectomy  or  after  spontaneous 
cure.  May  not  the  bulbs  be  the  two  separated  halves  of  a  spindle-shaped  neuroma  ? 
Moreover,  in  all  recovering  cases  in  which  the  suture  line  of  a  repaired  nerve  was  available 
for  palpation,  a  small  spindle-shaped  swelling  has  been  felt.  Kennedy  has  also  apparently 
noticed  this,  for  in  advocating  dislocation  of  a  sutured  ulnar  nerve  to  the  front  of  the 
epicondyle.  he  gives  as  his  reason,  "  that  the  enlargement  which  forms  at  the  seat  of 
suture  compresses  itself  against  the  rigid  boundaries  of  the  sulcus  and  thus  prevents 
conducti^^ty."  In  other  words,  after  a  resection  suture,  the  nerve  re-forms  a  spindle- 
sha|>ed  neuroma  in  the  course  of  its  repair.  The  matter  is  one  which  can  be  settled 
only  by  an  appeal  to  treated  cases,  and,  with  this  end  in  view,  the  writer  has  now 
under  observation  three  cases  in  which,  after  performing  a  capsulectomy  of  the  bulbs, 
the  ner\'e  trunk  has  been  reunited  by  their  suture.  It  is  hoped  to  report  the  result  of 
these  cases  in  a  later  communication. 

CONCLUSIONS. 

1.  In  the  majority  of  cases,  delayed  end-to-end  union  of  a  divided  nerve  is  successful, 
and  this  method  of  repair  is  that  of  choice. 

2.  There  is  something  to  be  said  for  reimion  of  nerve  trunks  by  suture  of  bulbs.  An 
apeal  to  the  results  of  cases  so  treated  is  the  only  way  of  settling  this  important  matter. 
This  is  being  done. 

3.  The  anatomical  continuity  of  a  nerve  deser\-es  the  greatest  respect. 

4.  Exploration  of  a  physiologically  completely  di\ided  nerve  should  be  done  as  soon 
as  the  condition  of  the  woimd  permits. 

5.  Neurolysis  combined  with  a  capsulectomy  of  spindle-shaped  neuromata  has  been 
followed  by  recovery'  in  most,  and  Improvement  in  all,  cases  in  which  this  has  been  done. 

6.  Exsection  of  a  spindle-shaped  neuroma  is  not  justified  unless  failure  has  resulted 
from  a  neurolysis  capsulectomy. 

7.  Xer\-e  transplantations,  and  double  lateral  implantations  of  the  ulnar  into  the 
median  in  the  forearm,  have  been  followed  with  some  measure  of  success,  including  some 
recoverj'  of  voluntary  power  in  the  affected  muscles  ;  but  recovery  is  slow  and  uncertain. 

8.  Nerve  growth  takes  place  from  both  ends  of  a  divided  nerve,  and  from  both  ends 
of  a  nerve  transplant,  but  axis  cylinders  grow  down  only  from  the  central  end. 

9.  An  autogenous  nerve  transplant,  of  smaller  size  than  the  nerve  into  which  it  is 
planted,  is  capable  of  hj-pertrophy. 

10.  Axis'cylinders,  judged  by  Tinel's  sign,  grow  at  the  average  rate  of  2  mm.  per  diem. 

11.  Perineural   scar  tissue  constricting  young  axis   cylinders   is   the  most  important 
factor  in  hindering  recover^-. 
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FRACTURE    OF    THE    FEMUR: 
A  METHOD  OF  HOLDING  THE  FRAGMENTS  IN  DIFFICULT  CASES.* 

By    Captain    DENNIS    W.  CHILE,    K.A.M.C.,    Hakvard  I'mt,  B.E.F. 
Special  M Hilary  Surgical  Hospital,   Edmonlon. 

Some  fractures  of  the  femur  resist  all  attempts  to  maintain  reduction  by  ordinary  means. 
Lane's  plates,  screws,  wiring,  medullary  pegs,  and  bone  grafting,  all  have  the  disadvantage 
of  introducing  a  foreign  body  into  a  septic  or  potentially  septic  wound,  and  this  renders 
them  inapplicable  to  most  compound  fractures.  Hey  Groves'  apparatus  has  several 
disadvantages  :  its  application  involves  a  complicated  operation  in  the  depths  of  the 
limb  ;  it  may  involve  opening  the  marrow  cavity  ;  and  it  does  not  give  absolute  immo- 
bility to  the  fragments.  The  apparatus  here  described  was  designed  to  meet  the 
requirements  of  these  difficult  cases,  and  may  be  applied  in  any  case  in  which  the  great 
trochanter  and  condyles  are  intact,  regardless  of  the  site  of  fracture  or  degree  of  commi- 
nution. It  is  an  attempt  to  procure  absolute  fixation  by  external  means.  The  one 
possibility  of  failure  is  that  of  sepsis  developing  in  the  cancellous  tissue  of  the  great 
trochanter,  which  possibility  should  be  negligible  with  careful  asepsis. 

The  apparatus  is  made  of  steel  throughout,  and  the  principle  which  makes  it  possible 
is  that  of  a  locking  universal  joint.  A  peg  (1,  Figs.  395,  396),  rectangular  in  cross-section 
is  designed  to  be  driven  into  the  great  trochanter  until  it  meets  the  firm  resistance  of 
the  calcar  femorale  (Figs.  397,  398).  No  preliminary  drilling  should  be  done,  thus  ensuring 
the  least  possible  destruction  of  bone,  and  preventing  the  possibility  of  contamination  by 
several  different  instruments.  The  two  narrow  surfaces  of  the  peg  taper  slightly  towards 
the  chisel-shaped  point,  the  cutting  edge  of  which  is  made  by  bevelling  the  two  broad 
surfaces.  This  shape  is  an  adaptation  of  the  principle  of  the  square  nail  which  joiners 
use  to  avoid  splitting.  In  driving  a  square  nail,  the  parallel  sides  are  in  the  plane  of  the 
grain  of  the  wood — the  taper  crosses  the  grain — and  in  this  way  the  peg  should  be  driven 
into  the  bone.  This  will  not  split  even  a  dry  bone.  The  chisel  point  prevents  the 
possibility  of  driving  bits  of  cortex  ahead  of  the  peg  into  the  cancellous  bone,  while 
the  taper  ensures  its  being  firmly  seated.  The  butt  end  which  protrudes  beyond  the 
skin  is  a  ball. 

The  condyles  are  grasped  by  double-pointed  calipers  (9,  Figs.  395,  396),  made  firm 
by  a  transverse  screw  (8),  which  approximates  the  points  when  tightened.  There  is 
abundant  room  in  a  longitudinal  direction  on  the  condyles  for  these  double-pointed 
calipers,  which  have  the  advantage  of  absolute  control  over  the  lower  fragment,  as  against 
the  partial  control  of  the  single-pointed  instrument.  They  can  be  used  without  the 
rest  of  the  apparatus  for  extension  and  elevation  of  the  lower  fragment  in  supracondylar 
fractures  (Fig.  395).     A  ball  (7)  is  fixed  to  the  arch  of  the  caliper  body. 

The  two  balls,  one  fixed  to  the  trochanter  (1)  and  one  to  the  condyles  (7),  are 
connected  by  a  telescoping  steel  bar,  on  either  end  of  which  a  socket  receives  the 
respective  balls.  Each  of  these  sockets  is  fitted  with  a  locking  screw  (2.  6),  which,  when 
set,  converts  the  ball-and-socket  joint  into  a  fixed  angle.  The  length  between  the  two 
ends  of  the  telescoping  rod  is  increased   or  diminished  by  a   screw  which  runs  through 


•  Messrs.  Allen  &  Hanburys.  48,  Wijtmore  Street,  London,  have  a  model  of  this  apparatus,  and  can 
supply  it  to  order.  Also  the  American  Red  Cross  (Splint  Department),  Paris,  have  a  model,  which  may 
be  obtained  by  applying  to  them  at   4,  Place  de  la  Concorde. 
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it  (4).  The  outer  tube  is  slotted  and  fitted  with  a  locking  collar  (3).  Thus,  the  bar  can 
be  twisted  on  itself  to  any  degree,  and  locked  Everj-  possible  relation  can  then  be 
produced  between  the  great  trochanter  and  the  condyles. 


^--  Figs.  395  and  396. — Illustrating  the  parts  of  the  apparatus.  (The  apparatus  has  been  simplified  since  this  case 
was  treated.)  (1)  Peg  and  its  socket.  (2)  Lock-nut  for  trochanteric  socket.  It  is  in  an  easily  accessible  position. 
(3)  Locking  collar  and  length  screw  (4).  (5)  Xut  for  length  screw.  Note  easily  accessible  position.  (6)  Nut  for  con- 
dylar socket.  (7)  Ball  attached  to  condylar  calipers.  (8)  Transverse  condylar  screw  for  gripping  condyles.  This  is 
not  needed  on  the  later  model.     (9)  Double  caliper  points.     (10)  Wrench  which  fits  all  nuts. 


Case  Report. — L.-Cpl.  C,  wounded  April  5,  1918,  bv  bullet  driving  contents  of  pocket  into 
thigh. 

Operation  on  April  6,  at  CCS. ;  wound  excised,  bullet  removed.  April  8.  Admitted  to 
general  hospital  on  Thomas  splint,  general  condition  poor.  Abduction  30°,  15  lb.  weight  and 
pulley  extension.  April  16.  X  ray  shows  over-abduction  of  lower  fragment.  April  22.  Abduction 
15°  ;  20  lb.  extension  ;  splint  changed  from  large  to  small  ring  Thomas.     On  April  25,  x  ray  shows 
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upper  fragment   persists  in  adduction    {Fig.  399).      Adduction   10  .      May  •>.     GenuUcxion  2(» 
adduction  20°  ;  20  lb.  extension.     May  10,  despite  all  attempts  to  hold  the  fracture  in  position, 
mal|)osition  recurs.     Skin  over  great  trochanter  dressed  with  nlcohol  for  forty-eight  hours. 


Fig.  397. — -Apparatus  with  dressings  removed.  The  entire  tliigh  is  free  for  inspection  and  dressini?.  Note  tlie 
dependent  posterior  drainai^  incision  (made  May  18) ;  the  normal  outline  of  thiijh  ;  the  absence  of  inflammation 
about  trochanter  and  condyles ;  and  also  the  preservation  of  the  musculature  of  calf,  due  to  active  exercise  of 
ankle  and  knee. 


Fig.  398. — Apparatas  with  dressings  in  place  and  rope  suspension  of  thigh  and  foot.  The  ropes  are  carried  over 
pulleys  with  counterweights  attached,  thus  permitting  each  rope  to  be  moved  independently.  The  dressings  over  the 
peg  and  the  caliper  points  were  changed  only  three  times  in  24  days.  • 

Second  Opkration. — May  12.  Ether  anaesthesia.  Thomas  splint  removed.  Incision  one 
inch  long  made  longitudinally  over  great  trochanter,  carried  to  the  bone,  and  packed  with  dry 
uauze  until  oozing  ceased.  It  was  then  dried  with  alcohol,  and  a  small  amount  of  B.I. P.P. 
rubl>ed  into  the  inci.sed  skin  and  subcutaneous  tissiies.  The  steel  peg  was  now  driven  directly 
into  the  Ijone  by  blows  from  a  steel  hammer  until  the  point  seemed  firmly  embedded  in  the 
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oalcar  femorale.  A  dry  dressing  was  applied,  leaving  the  ball  of  the  peg  protruding.  Ineisions 
one  inch  long  were  made  over  the  condyles  in  a  longitudinal  direction.  They  were  packed  with 
gauze  until  all  oozing  ceased,  dried  with  alcohol,  and  rubbed  with  B.I.P.P.  The  double-pointed 
calipers  were  affixed  to  the  cortex  of  the  condyles,  and  drj-  dressings  applied.  This  technique 
provides  for  the  driving  of  the  peg  and  the  application  of  the  calipers  to  be  made  through  an  anti- 
septic— B.I.P.P. — a  small  amount  of  which  the 
peg  carries  with  it  into  the  medulla  of  the 
trochanter,  where  it  acts  as  a  barrier  to  ix)ssi- 
ble  infection. 

The  connecting  telescopic  bar  was  now  put 
in  place.  The  ball-and-socket  joints  were  not 
yet  set.  The  fracture  was  then  reduced  while 
an  assistant  set  the  locking-screws.  Tlie  length 
of  the  femur  can  be  controlled  either  at  once 
(which  I  did),  or  subsequently  in  stages,  by 
simply  screwing  the  telescopic  arrangement. 
The  patient  was  put  in  bed,  and  counter- 
weights were  arrangetl  to  support  the  weight 
of  the  leg  {Fig.  398). 

.\  discharge  from  the  anterior  woimd,  which 
had  l)een  almut  a  drachm  of  thick  pus  daily. 


Flfi.  399. — RadicMrram  taken  April  25  on  Tlioma'; 
i^plint  shows  upper  fraement  in  atlduction.  There  is 
shortening  of  ij  in.  This  is  prartieally  the  hsune  as  the 
radiograms  taken  on  Aprfl  16  and  early  in  May.~~    - 


ceased  from  May  12,  only  ap|)earing  on  May  17. 
and  therefore  indicating  }>ocketing  posteriorly 
due  to  the  absence  of  the  supporting  bands. 

Third  Opkratio.v. — May  18.  Chloroform. 
Posterior  drainage  established.  Correction  of 
|X>sition  of  bones  with  fingers  in  the  wounds 
while  an  assistant  tightened  up  the  screws. 

June  4.  Position  good  (Fig.  400)  :  1 J  cm. 
over-length,  no  fever,  pulse  normal.  Active 
motion  linee  35".  Ankle  normal.  Hip  slightly 
limited.  Patient  has  been  able  to  sleep  on  his 
side  and  to  move  about  actively  in  bed.  Up 
in  chair  to-day  with  apparatus  in  position. 
June  5.  Plaster  cast  applied.  Splint  removed. 
Considerable  force  was  required  to  loosen  peg 
in  great  trochanter.  No  evidence  of  rarefaction 
about  peg.  Cultures  taken  from  peg  in  bouillon 
and  on  agar  were' sterile.  June  9.  Discharged 
to  England,  soft  union,  good  position,  general 
condition  good.  Wounds  over  condyles  and 
great  trochanter  sealed  with  dried  seriim. 


Fig.  -I'K). — Radiogram  taken  Jane  2  shows  final  antero- 
posterior position. 


This  apparatus  makes  the  patient  comfortable,  produces  and  maintains  accurate  reduc- 
tion of  his  fracture,  eliminates  support  bandages  which  obstruct  dressing  and  free  drain- 
age, and  leaves  the  hip,  knee,  and  ankle-joints  free  for  early  passive  motion.     The  bed 
can  be  left  in  its  flat  position  rather  than  elevated  at  the  foot,  so  that  there  is  no  tracking 
VOL.  VI. — NO.  23.  31 
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upwards  of  jms.  It  allows  active  motion  so  soon  as  infection  clears  up.  The  patient 
rej)orte(l  above  was  able  to  extend  his  knee  activeli/  two  weeks  after  the  appliance  was 
put  on.  These  advantages  are  the  result  of  the  absolutely  rij;id  fixation  which  is  obtained. 
There  is  no  transfixion  of  bone  :  there  arc  no  parts  biu'ied  deeply  in.nuiscular  substance  ; 
the  points  of  application  are  at  the  limits  of  the  bone  and  are  subcutaneous  ;  the  peg  in 
the  trochanter,  being  rectangidar  in  section,  gives  a  purchase  for  flexion  or  extension  of 
the  ujiper  fragment  ;  there  is  no  danger  of  involving  the  knee-joint  by  piercing  the  inter- 
condylar notch  ;  all  parts  can  be  locked  ;  and  finally,  it  produces  rigid  inunobility,  and  it 
can  be  applied  to  the  fracture  in  its  unreduced  position,  and  reduction  accomplished  as 
well  as  maintained  by  the  instrument.     Its  application  is  simple  and  easy. 

It  is  applicable  to  any  case  where  plating  and  wiring  would  be  indicated,  and  does 
not  have  the  disadvantage  of  introducing  a  foreign  body  into  the  wound  or  its  neighbour- 
hood. 

I  hesitate  to  publish  this  report  based  on  only  one  case,  but  since  the  war  |)romises 
to  be  over  soon,  and  since  the  apparatus  was  so  satisfactory  in  its  performance,  it  seems 
advisable  to  bring  it  to  the  attention  of  those  who  may  have  difficult  cases  of  fractures 
of  the  femur.  It  has  been  applied  to  more  cases  recently,  and  promises  to  give  equally 
satisfactory  results,  which  I  may  report  at  a  later  date. 

I  desire  to  acknowledge  my  indebtedness  to  the  work  done  by  Lieutenant-Colonel 
Beasley,  M.C.N.A.,  U.S.A.,  in  demonstrating  the  utility  of  the  caliper  which  has  made  this 
instrument  possible.  I  am  indebted  to  Major  E.  Granville  Crabtree,  R.A.M.C,  Harvard 
Unit,  and  to  Mr.  G.  A.  Mower,  of  the  Sturtevant  Engineering  Company,  for  valuable 
mechanical  suggestions.  Through  the  kindness  of  Lieutenant-Colonel  Hugh  Cabot, 
R.A.M.C,  Harvard  Unit,  and  Lieutenant-Colonel  Spencer-Mort,  R.A.M.C,  I  am  per- 
mitted to  publish  this  paper. 
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THE    RECOGNITION    AND    SIGNIFICANCE    OF    FRACTURES    OF 
THE    PATELLAR    BORDER. 

By  Captain  R.  W.  A.  SALMOXD,  R.A.M.C. 
Deputy  Consulting  Radiologist,  British  Armies  in  France. 

The  object  of  publishing  these  observations  is  to  bring  to  notice  the  occasional  presence 
of  fissures  on  the  outer  border  of  the  patella,  tlie  importance  of  which,  it  is  thought,  has 
not  been  hitherto  very  generally  recognized. 

From  notes  both  clinical  and  radiological,  these  fissures  are  found  to  be  caused  by 
some  slight  indirect  injury  or  strain,  such  as  a  twist  of  the  knee  from  overstepping  the 
curb  or  from  vigorous  physical  exercise.  The  injury-  may  be  so  slight  that  it  is  difficult 
to  obtain  any  definite  historj'  of  it,  and  at  the  time  of  occurrence  the  patient  does 
not  generally  realize  that  anything  ver>'  unusual  has  happened.  In  this  respect  the 
condition  somewhat  resembles  the  recently  described  marching  fracture  of  the  metatarsals. 

The  notes  of  the  following  case  are  given  as   fairly   typical  :  — 


J.  P.,  a»e  23,  was  admitted  to  hospital  for  an  operation  for  inguinal  hernia.  '  He  also 
mentioned  that  there  was  a  feelin»  of  discomfort  and  weakness  at  both  knees.  Previous  to 
the  war  he  had  been  a  clerk  in  the  City,  and  had  not  felt  anything  wrong  with  his  knees.  Pain 
was  first  noticed  while  he  was  doing  physical  exercises,  fourteen  months  previously  ;  later,  a 
feeling  of  weakness  at  both  knees  develojied  after  walking  for  some  distance,  as  if  they  were  giving 
way.  He  was  verj-  definite  that  there  had  been  no  trauma  to  either  knee.  Patient  walked  in  the 
usual  way,  and  could  flex  and  extend  freely  both  knee-joints,  though  a  certain  amount  of  discom- 
fort was  caused  in  doing  the  latter.  A  longitudinal  linear  depression  could  be  felt  toward  the 
outer  border  of  each  patella.  On  moving  the  bone  on  either  side  of  it,  there  was  no  crepitus, 
Itut  some  tenderness  was  caused. 

Radiographic    Examination. — Right  patella :    Anterior   view   shows   a    longitudinal    fissure 
near  the  outer  border,  and  the  separated   ix)rtion  fissured   into  smaller  fragments  (Fig.   404). 
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Stereoscopic  external  lateral  view  shows  tlie  detached  frajrment  to  he  made  up  of  three  pieces. 
Lfft  pnlella  :  Anterior  view  shows  a  lon<ritudinal  fissure  in  same  position  as  opposite  side,  the 
8eparate<l  frajrujcnt  beinji  of  oval  shape.  Stereoscopic  external  lateral  view  confirms  tlie  anterior 
view.     The  other  bones  of  both  knee-joints  are  quite  normal. 

Treatment  by  electric  baths,  massage,  and  jicntle  exercises  was  tried,  but  without  any 
improvement  in  the  condition. 

Varying  degrees  of  fissure  may  be  observed,  from  a  slight  crack  with  no  displace- 
ment, to  the  greater  part  of  the  wliole  border  of  the  patella  detached,  with,  later  on, 
callus  thrown  out  to  bridge  the  gap.  The  latter  condition  does  not  come  imder  the  category 
of  fissure  fracture,  but  is  included  here  as  being  a  transition  between  this  and  the 
classical  fracture  of  the  patella  by  muscular  action.  It  is  with  the  former,  however,  that 
this  paper  is  intended  to  deal. 

In  a  series  of  eight  cases  of  fissure  fracture  observed,  it  is  noteworthy  that  in  no  case 
was  the  patient  sent  to  the  x-ray  department  for  the  determination  of  fracture  of  the 


FIG.  403. 


patella,  but  for  some  such  condition  as  'synovitis,'  'arthritis,'  'something  unusual  about 
bones  of  knee-joint,'  etc.  ;  while  in  every  case  he  was  able  to  walk  up  for  examination. 
This  is  mentioned  to  show  how  frequently  the  question  of  fracture  in  these  cases  is  quite 
unsuspected  by  the  clinician. 

Radiological  examination  shows  that  the  fissures  are  situated  at  the  outer  border 
or  at  the  external  superior  angle  of  the  bone.  This  position  would  correspond  to  the 
line  of  tension  of  an  overstretched  articular  capsule,  as  in  lateral  bowing  of  the  limbs,  or 
to  where  the  pull  of  the  vastus  externus  muscle  is  experienced.  A  selection  from  a  series 
of  cases  showing  changes  varying  from  a  fine  fissure  without  displacement  to  a  much 
more  extensive  condition  approaching  in  character  the  well-known  indirect  fracture  by 
muscular  action  is  given  in  Figs.  401-405,  and  would  suggest  that  the  former  injuries  are 
either  a  minor  degree  of  the  latter,  with  the  line  of  force  acting  in  a  slightly  different 
direction,  or  that  they  are  due  to  an  overpull  of  the  ligaments,  as  in  the  so-called  sprain- 
fracture. 
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Radiography. — The  technique  employed  is  to  take  an  anterior  view  of  the  joint,  and 
stereoscopic  external  laterals.  The  latter  should  always  be  made,  as  they  will  often  show 
the  fissures  to  be  multiple,  and  as  many  as  five  distinct  fragments  have  been  seen.  A 
posterior  view  of  the  joint  is  of  little  or  no  value,  on  account  of  the  distortion  of  the  patella. 
Screening  alone  for  the  determination  of  this  condition  is,  of  course,  quite  useless.  There 
seems  to  be  only  one  condition  that  might  be  mistaken  for  the  one  described,  and  that 
is  when  the  shadow  of  a  sesamoid  bone  in  the  outer  head  of  the  gastrocnemius  muscle 
just  overlaps  the  edge  of  the  patellar  shadow  in  the  anterior  view.  The  lateral  plates  will 
help  to  settle  this  |X)int. 

Treatment. — If  the  condition  be  recognized 
at  the  time  of  occurrence,  immobilization  of 
the  affected  limb  or  limbs  with  the  leg  extended 
for  one  or  two  days,  but  with  passive  move- 
ments started  as  soon  as  any  haemorrhage  is 
believed  to  have  ceased,  would  allow  the  frag- 
ments to  join  up  to  the  parent  bone  without 
any  separation.  Cases  so  treated,  and  with  no 
A'-ray  examination  revealing  the  fracture  at 
the  time  of  occurrence,  would  leave  no  trace  of 
the  condition  for  diagnosis  at  a  later  date. 

If  the  condition  is  not  recognized  at  the 
time,  and  the  patient  is  allowed  to  go  about, 
the  small  fragment  or  fragments  will  be  con- 
stantly moved  against  each  other  and  the  main 
bone,  and  a  sort  of  fibrous  union  will  take 
place,  which  is  liable  to  be  upset  by  any  extra 
strain  put  on  the  joint  :  indeed,  it  would  appear 
that  the  condition  is  quite  as  often  brought  to 
light  by  this  secondary'  state  as  by  the  primary 
one.  The  feeling  of  weakness  in  the  knee  is 
also  liable  to  increase  under  extra  strain,  and 
be  accompanied  by  effusion  into  the  joint,  giving  rise  to  recurrent  synovitis. 

The  outlook  in  cases  diagnosed  at  once  would  appear  to  be  ver\'  good  ;  but  in  cases 
with  only  fibrous  union  there  is  the  likelihood  of  some  permanent  weakness  at  the  joint 
— depending  on  the  degree  of  fracture — for  which  it  is  difficult  to  do  much,  apart  from 
avoiding  any  undue  strain. 

It  is  hoped  that  these  obsers'ations  on  fissure  fractures  of  the  patella  will  draw  atten- 
tion to  the  importance  of  early  and  accurate  diagnosis  and  suitable  treatment  in  the 
case  of  seemingly  trivial  injuries  and  complaints  alwut  the  knee-joint. 


KIG.     lUO. 


SUMMARY. 

The  chief  points  in  this  condition  are  :— 

1.  The  difficulty  of  obtaining  a  definite  history  of  trauma,  though  on  careful  interroga- 
tion a  stor\'  of  some  slight  indirect  injur\'  may  be  elicited. 

2.  It  may  be  right-sided,  or  left-sided,  or  both,  according  to  the  exciting  cause. 

3.  The  seat  of  any  discomfort  or  pain  is  usually  on  the  inner  side  of  the  patella,  while 
the  fissure  fractures  obsers-ed  have  been  \*nthout  exception  on  the  outer  border. 

4.  The  direction  of  the  line  of  fracture  is  either  longitudinal,  or  obliquely  downwards 
and  outwards,  but  not  transverse  as  in  the  usual  muscular  fracture. 

5.  A  linear  depression  may  be  felt,  corresponding  to  the  line  of  fissure  ;  pressure  of 
the  bone  on  either  side  of  this  may  elicit  separate  movement,  and  generally  tenderness, 
but  not  crepitus. 

6.  Synovitis  is  frequently  present,  or  has  been  at  some  previous  date,  caused  partly 
by  the  tearing  of  the  syno^^al  membrane  with  the  Assuring  of  the  posterior  surface  of  the 
patella,  and  it  is  prone  to  recur. 
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SHORl^    NOTES     OF 
RARE     OR     OBSCURE     CASES. 


AN     UNUSUAL     TYPE     OF     FRACTURE     DISLOCATION     OF     THE 
UPPER     END     OF     THE     HUMERUS. 

By   Captain   TREVOR   B.   DAVIES,   R.A.M.C.  (T.C.) 

Lance-Cpi-.  J.  T.  was  admitted  into  hospital  on  July  14,  1918,  having  been  thrown  twice 
from  his  horse  within  a  few  minutes,  alighting  each  time  on  his  right  shoulder.  He  was 
helped  on  to  his  horse  after  the  first  fall. 

X-ray  examination  showed  a  subcoracoid  dislocation  of  the  head  of  the  humerus, 
together  with  a  spiral  fracture  passing  downwards  and  inwards  from  the  outer  part  of  the 
head,  ending  on  the  inner  aspect  of  the  shaft  of  the  bone  just  above  its  centre  {Fig.  406). 


FIO.  406.  FIG.  407. 

Under  a  general  anaesthetic  the  joint  dislocation  was  reduced  by  a  combination  of 
Kocher's  method  and  manipulation  of  the  upper  or  inner  fragment.  The  fracture  was 
then  reduced,  and  the  arm  bandaged  to  the  side  of  the  body.  No  splint  was  used.  The 
X  ray  taken  immediately  afterwards  showed  the  fragments  to  be  in  good  position  and  the 
dislocation  satisfactorily  reduced.  Passive  movements  of  the  limb  were  begun  a  week 
later,  and  at  the  end  of  a  fortnight  the  patient  was  encouraged  to  move  his  arm. 

An  .T-ray  plate  taken  seven  weeks  after  the  accident  showed  union  in  good  position 
(Fig.  407),  and  the  patient  left  hfispital  a  few  days  later  with  practically  normal  power 
of  movement  in  the  right  shoulder. 
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A    CASE     OF    SEPTIC    INFARCT    OF     THE    SPLEEN,    CAUSING      RUPTURE 
OF    THE    SPLEEN,    HAEMORRHAGE,    AND    DEATH. 

By  ALAN  H.  TODD,  London. 

Pte.  T.,  age  40,  was  wounded  by  a  shell  on  Dec.  19,  1917,  and  sustained  flesh-wounds  of 
the  left  arm,  shoulder,  and  thigh,  and  a  compound  fracture  of  the  right  leg.  At  No.  — 
CCS.  it  was  found  that  the  right  anterior  and  posterior  tibial  arteries  were  torn,  and 
that  there  was  gas  infection  of  the  tissues  of  the  leg.  Supracondylar  amputation  by  the 
flapless  method  was  iierformed,  and  500  c.c.  of  blood  were  transfused.  The  wound  of 
the  left  thigh  was  excised,  and  a  metallic  fragment  removed  ;  the  wound  was  plugged 
with  gauze  soaked  in  Dakin's  solution,  and  both  were  dressed  with  Morison's  B.I.P.P. 
paste.  On  the  following  day  the  transfusion  was  repeated,  500  c.c.  being  given.  On 
Dec.  21,  at  No.  —  General  Hospital,  it  was  recorded  that  the  wounds  were  'fairly  clean." 

On  Dec.  28,  the  patient  was  admitted  to  Lewisham  Militar\-  Hospital.  The  ampu- 
tation woimd  was  exuding  much  thick  green  pus,  and  granulations  were  exuberant 
and  foul.  Two  days  later  a  dose  of  500  c.c.  of  A.T.S.  was  given.  On  Jan.  3,  1918,  the 
patient  had  an  irritating  cough,  and  some  expectoration  ;  he  stated  that  he  had  'always' 
had  bronchitis  in  the  winter,  and  that  he  had  had  it  prior  to  his  return  to  England.  His 
temperature  showed  a  moderate  irregular  pyrexia.  He  was  raised  in  bed,  and  a  simple 
expectorant  ordered.  His  general  condition  was  only  moderately  good.  On  Jan.  9 
(six  days  later),  he  complained  one  night  of  a  sudden  stabbing  pain  over  the  left  lower 
ribs  ;  he  was  examined  by  the  orderly  oflicer,  who  could  hear  nothing  abnormal  with  the 
stethoscope,  but  thought  that  the  trouble  was  probably  pleurisy,  and  ordered  morphine 
hy|>odermica!ly.  Five  hours  later  the  patient  collapsed  ver>'  suddenly,  and  died  before 
medical  aid  could  be  obtained. 

At  the  post-mortem  it  was  found  that  though  the  amputation  stump  was  soaked 
with  stinking  green  pus,  the  right  and  left  femoral  and  iliac  veins  were  perfectly  healthy  ; 
there  was  not  the  slightest  roughening  or  injection  of  the  intima,  nor  any  suggestion  of 
past  or  present  clot  in  them.  The  pelvis  and  left  hypochondrium  were  full  of  blood  and 
recent  clot.  The  spleen  was  torn  right  across,  and  had  bled  profusely  ;  a  great  mass  of 
loose  clot  protruded  from  it.  The  spleen  pulp,  as  much  of  it  as  was  recognizable,  was 
ver\'  soft,  and  there  was  a  thick  coating  of  fibrin  on  the  exterior  of  the  organ — evidence 
of  recent  perisplenitis.  The  capsule  of  the  spleen  was  firmly  adherent  to  the  diaphragm, 
the  muscle  of  which,  in  the  neighbourhood,  was  pale  and  infiltrated.  The  lower  part  of 
the  left  lung  was  compressed,  and  there  was  slight  general  bronchitis.  No  other  abnor- 
mality was  found  ;  a  blood  culture  was  negative,  and  no  proof  of  general  septicfemia 
could  be  adduced. 

The  temperature  throughout  the  illness  never  exceeded  102',  and  was  of  a  mild  septic 
type  ;    just  l^efore  death  occurred  it  dropped  suddenly. 

Cases  of  infarction  of  the  spleen  are  common  enough.  Those  who  make  a  practice 
of  attending  regularly  in  the  post-mortem  room  will  be  familiar  with  them,  not  only  in 
cases  of  pyaemia  or  of  infective  endocarditis,  but  also  in  persons  dying  from  some  quite 
independent  malady,  where  they  are  presumably  the  relic  of  some  long- forgot  ten  'pain 
under  the  heart."  Sometimes,  indeed,  the  spleen  is  seen  to  be  covered,  as  this  one  was, 
with  a  thick  layer  of  fibrin,  and  to  be  densely  adherent  to  the  diaphragm  and  abdominal 
parietes.  But  it  is  ver>'  rarely  indeed  that  the  spleen,  unless  a  malarial  one,  is  found  to 
have  ruptured  spontaneously,  and  to  have  killed  its  owner  by  haemorrhage.  It  is  on 
account  of  the  extreme  rarity  of  this  accident,  in  contrast  with  the  comparative  common- 
ness of  splenic  infarction,  that  this  case  is  recorded.  It  must  be  emphasized,  moreover, 
that  apparently  the  spleen  was  inflamed  for  some  hours,  possibly  for  some  days,  before 
rupture  occurred. 

I  have  to  thank  Lieutenant -Colonel  Toogood  for  his  courtesy  in  permitting  me  to 
publish  the  case. 
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BILATERAL     OVARIAN     DERMOID     CYSTS     SIMULATING 
RENAL     COLIC. 

lU    C.  H.  FAGGE,  Lonuon. 

NuRSK  H.,  age  27,  complained  one  evening  of  dull  'stomach-ache,'  which  slu-  had  endea- 
voured to  treat  with  castor  oil,  hut  without  success.  The  liistory  she  gave  was  that  she 
had  had  scarlet  fever  in  childhood,  hut  no  other  illness  of  importance  ;  the  recent  pain 
had  been  at  first  a  diffuse  abdominal  ])ain  ;  she  had  taken  a  dose  of  oil,  and  then,  as  tin- 
first  dose  made  her  sick,  she  had  taken  another. 


yiG.   -108  — KaJiogram  showing  two  teeth  in  ovariai:  derrnoiiJ  cyst. 

The  medical  man  who  first  saw  her  regarded  the  case  as  one  of  so-called  gastritis, 
and  gave  her  a  little  chlorodyne  ;  this  alleviated  her  pain,  and  she  slept  fairly  well.  By 
the  following  evening,  however,  the  pain  had  returned  ;  it  originated  in  the  left  loin, 
radiated  to  the  left  subcostal  region,  round  the  waist,  and  (a  little  later)  towards  the  groin. 
It  was  of  a  colicky  nature,  and  accompanied  by  nausea,  though  not  by  actual  vomiting. 
Xo  tumour  could  be  felt  in  the  renal  region,  or  elsewhere,  and  the  urine  was  reported  by 
the  sister  of  the  nurses'  sick-room  to  be  normal  upon  chemical  examination. 
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Renal  colic  due  to  calculus  was  suspected,  and  a  radiogram  was  taken,  which  cleared 
up  the  diagnosis  (Fis-  408).  Two  teeth  were  to  be  seen  \er\  plainly  at  the  level  of  the 
pelvic  inlet  :  the  root-canals  can  be  distinctly  made  out  in  the  original  plate.  Since  the 
patient  had  not  swallowed  any  teeth,  it  was  e^^dent  that  she  was  suffering  from  an 
ovarian  dermoid  cyst.  Moreover,  radiograms  of  the  kidneys  showed  no  e\idence  of 
calculi,  so  that  the  cyst  was  probably  the  cause  of  the  s\Tnptoms,  and  not  merely 
incidental. 

The  patient  was  transferred  to  a  surgical  ward.  Whilst  awaiting  the  ^^sit  of  the 
surgeon  in  charge,  a  sudden  change  occurred  in  her  condition  :  she  began  to  vomit 
violently,  and  became  distended  and  tj-mpanitic  ;  in  short,  she  showed  not  only  signs  of 
pressure  upon  the  ureter,  but  of  intestinal  obstruction.  It  should  be  remarked  that 
|)rior  to  this  attack  of  obstruction,  she  had  suddenly  passed  an  unusually  large  quantity 
of  urine,  suggesting  that  the  renal  symptoms  which  had  predominated  at  the  early  stage 
of  her  illness  were  due  to  hydronephrosis — closed  at  first,  and  finally  open. 

In  view  of  the  sudden  change  in  the  patient's  condition,  laparotomy  was  performed 
with  the  least  jjossible  delay  :  it  was  found  that  there  were  two  ovarian  cysts,  firmly 
impacted  in  the  |)el\-ic  brim.  Both  were  multilocular,  and  contained  hair  and  pultaceous 
matter  of  the  usual  kind  :  the  teeth  were  found  in  the  right  cyst,  whilsl  the  left  cyst  had 
evidently  pressed  upon  the  pelvic  colon  and  caused  the  obstructive  symptoms.  The 
left  ureter  showed  no  external  sign  of  obstruction,  though  some  hours  had  elapsed  since 
the  discharge  of  urine,  so  that  it  is  not  surprising  that  no  such  sign  was  seen,  and  the 
aljsence  of  any  such  indication  in  no  way  controverts  the  diagnosis  of  hydronephrosis. 
The  pelvic  colon  showed  the  usual  signs  of  recent  moderate  obstruction.  Both  cysts  were 
excised.  Xo  trace  of  ovarian  substance  or  of  supemumeran.'  ovaries  could  be  seen 
macroscopically.     Recoverj-  was  uneventful. 

The  further  historj'  of  the  case  is  not  at  present  ascertainable,  but  it  seems  probable 
that  complete  amenorrhoea  will  soon  set  in,  with  all  the  ordinary  train  of  physical  and 
psychical  changes,  for  the  girl's  appearance,  prior  to  operation,  was  such  as  to  suggest 
that  her  supply  of  ovarian  internal  secretion  had  long  been  deficient. 

The  main  interest  of  the  case  centres  in  the  unusually  complete  simulation  of  renal 
tnnible  at  the  start,  and  then  the  sudden  transformation  into  a  case  of  intestinal  obstruc- 
tion ;    also,  in  the  rapid  and  certain  aid  to  diagnosis  afforded  by  the  x  rays. 

The  teeth  in  the  right  dermoid  were  about  as  long  and  as  thick  as  adult  canines  ; 
the  crowns  were  slightly  flattened,  and  showed  several  little  cingulae  near  the  top  ;  each 
tooth  had  a  single  root,  though  the  af)ex  of  one  of  them  was  a  little  bent  to  one  side. 
Xo  trace  of  dental  or  bony  matter  was  found  in  either  cyst  beyond  these  two  teeth, 
though  there  were  a  few  partially-calcified  areas  in  the  debris. 
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The  Brenst:  Its  Anomalies,  Its  Diseases,  and  their  Treatment.  liy  John  B.  Deavkr,  ^SI.l).. 
LL.l).  and  J.  -McFarlani),  .M.l).,  assisted  hy  J.  LiiON  IIkii.man  M.I).  Large  8vo.  Pj).  7*24 
—  vii,  witli  8  coloured  plates  and  277  illustrations.  London  :  Wni.  Ileineniann  (.Medical 
Books)  Ltd.     4()s.  net. 

This  is  a  substantial  volume  of  700  large  i)ages,  indispensable  to  every  .serious  student  of  its  subject. 
The  authors'  names  raise  expectations  which  are  not  disappointed.  In  compiling  tbe  work  their 
search  through  the  literature  of  the  subject  has  been  exhaustive.  An  outstanding  feature  of  the 
book  is  the  catholicity,  completeness,  and  fairness  of  its  bibliography.  Reference  will  be  foinul 
to  all  important  papers  in  English,  French,  or  German.  Brief  summaries  of  many  of  these  are 
given.  A  striking  fact  emerges,  namely,  that  nearly  all  the  important  contributions  to  the  surgery 
of  the  breast  are  due  to  the  Knglish-speaking  races.  Were  it  not  for  Anglo-American  work  the 
surgery  of  breast  cancer  would  still  be  in  its  infancy.  In  Germany,  and  even  in  France,  it  still 
lags  behind.  Just  before  the  war  the  leaders  of  French  surgery,  save  for  a  few  of  the  younger 
school,  were  of  o|>inion  that  removal  of  the  great  j)ectoral  muscle  was  an  unnecessary  and 
crippling  procedure.  .Many  of  them  denied  the  occurrence  of  cancerous  infection  of  this  muscle 
from  the  adjoining  breast. 

Those  who  wish  to  form  their  own  opinions  from  a  study  of  the  evidence  will  be  grateful  for 
the  fair-minded  way  in  which  opposing  views  are  presented,  and  for  the  very  numerous  detailed 
case-records  from  the  literature.  The  more  cursory  student  may,  perhaps,  feel  that  amid  its  wealth 
of  detail  the  book  is  lacking  in  clear  and  strong  outlines.  He  will  be  better  served  by  a  smaller 
and  more  compact  account  of  the  diseases  of  the  breast  ;  but  even  he  may  well  find  the  book 
indispensable  for  pur|)oses  of  reference  on  particular  points  of  interest. 

The  volume  opens  with  a  section  of  160  pages  on  the  evolution  and  involution  of  the  breast, 
its  surgical  anatomy,  and  its  congenital  and  acquired  anomalies.  Over  100  pages  are  devoted 
to  the  mammary  anomalies,  and  66  illustrations  of  classical  or  personal  cases  are  given  in  this 
section.  The  nature  of  the  subject  demands  its  treatment  by  detailed  case  records,  and  the 
section  is  a  masterpiece  of  historical  research  among  the  curiosities  of  pathology.  For  instance, 
a  table  of  240  cases  of  mammary  hypertrophy,  with  detailed  references  and  case  summaries,  is  to 
be  found  on  pp.  120-138.  I'pon  breast  abnormalities  the  book  at  once  takes  a  position  of 
unrivalled  authority.     A  chapter  on  wounds  and  injuries  of  the  breast  follows. 

The  account  of  carcinoma,  to  which  most  readers  will  turn,  occupies  160  pages.  It  opens 
with  a  confession  of  our  ignorance  of  the  cause  and  nature  of  cancer  in  spite  of  the  labours  of  a 
generation.  This  refreshing  note  of  frankness,  so  essential  to  the  progress  of  knowledge  and  so 
rarely  met  with  in  medical  works,  is  conspicuous  throughout  the  book,  and  the  reader  responds 
to  it  each  time  with  a  renewal  of  confidence  and  interest. 

The  authors  believe  that  cancer  invariably  "  begins  as  a  local  disturbance  at  a  minute  focus, 
and  s|)reads."  Thus  they  do  not  recognize  the  multicentric  or  diffuse  carcinoma  which  lights 
up  at  the  same  time  over  a  considerable  area  of  the  breast.  This  event  is  exceptional,  but  that 
it  occurs  is  shown  by  the  fact  that  such  a  cancer  when  first  detected  may  take  the  aiiiitoniical 
sector-shape  of  the  lobe  or  group  of  lobes  in  which  it  originated. 

The  authors  rightly  pillory  the  ridicidous  multiplication  of  names  for  so-called  varieties  of 
cancer,  by  giving  a  list  of  over  fifty  of  these  names.  They  prefer  to  insist  on  unity  in  multiplicitx'' 
rather  than  u[)on  nudtiplicity  in  imity,  and  again  the  reader  breathes  a  sigh  of  relief  and  gratitude. 
The  authors  describe  six  distinct  varieties  of  carcinoma.  Curiously,  they  give  no  definite  account 
of  columnar-celled  or  duct  cancer,  a  form  which  in  America  appears  to  be  included  along  witii 
acinous  carcinoma — a  confusion  of  two  varieties  often  distinct  histologically  and  in  some  casts 
clinically.  The  authors  rightly  insist  that  the  expressions  scirrhus  and  encephaloid  as  applied 
to  cancer  are  clinical,  not  i»athological,  and  that  dilTerent  sections  of  the  same  tumour  may  show 
respectively  a  fibrotic  and  a  cellular  form  of  growth. 

The  authors  thus  sum  up  their  beliefs  on  the  dissemination  of  cancer  : — 

•■  While  a  number  of  steps  in  the  progress  of  dissemination  need  further  investigation, 
metastasis  may  for  all  practical  purposes  be  attributed  either  to  embolism  (blood-  or  lymph- 
vascular)  or  to  the  process  which  Ilandley  terms  'permeation.'  " 

They  proceed  to  show  that  bloo<l  has  great  |)ower  of  destroying  cancer  emboli.  A  full  account  of 
the  permeation  theory  follows,  and  appears  to  mark  the  definite  accej)tance  of  this  theory  by 
American  opinion.  It  is  a  great  gain  that  agreement  has  been  reached  upon  the  mode  of  dissemin- 
ation of  cancer,  for  the  surgery  of  the  disease  is  thereby  for  the  first  time  placed  uj)on  a  rational 
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basis,  and  an  instrument  of  criticism  is  provided  to  decide  or  reconcile  the  conflicting  claims  of 
various  methods  of  operation. 

The  chapter  on  proornosis  is  the  fullest  and  most  scholarly  discussion  of  a  difficult  subject 
with  which  we  are  acquainted,  and  is  an  admirable  example  of  clinical  research.  We  note  one 
im|>ortant  omission,  .\monw  the  few  almost  certain  elements  in  prognosis  is  the  develofment  of 
evidence  of  internal  metastases,  when  a  period  of  under  a  year  can  be  put  to  the  patient's  life. 
The  authors  admit  the  impossibility  of  prognosis  for  any  individual  case  : — 

•■  We  should  confine  ourselves  in  prognosing  any  given  case  of  carcinoma  of  the  breast 
to  the  average  result  obtained  in  that  class  of  patients  to  which  we  believe,  from  the  results 
of  our  physical  examination,  the  one  under  consideration  l>elongs.  It  has  been  demon- 
strated that  80  per  cent  of  patients  in  whom  the  disease  is  confined  to  the  breast  as  proved 
by  both  macroscopic  and  microscopic  examinations  of  the  tissues  adjacent  to  this  organ, 
are  permanently  'cured'  of  their  disease  by  the  radical  operation.  Therefore,  a  patient 
presenting  a  small  movable  mass  localized  to  the  breast,  can  be  assured  that  four  out  of 
five  cases  of  a  similar  nature  are  cured  by  operation.  When  the  axillary  l\-mph  nodes  are 
palpably  enlarged  as  the  result  of  metastases,  the  chances  of  operative  cure  are  at  once 
diminished  to  one  in  five." 

The  question  of  palliative  ofierations  is  fiilly  discussed.     The  authors  fix  a  five-year  limit  after 
operation  as  the  period  after  which  recurrence,  though  still  possible,  is  unlikely. 
.As  to  the  inliuence  of  the  mode  of  operation  on  prognosis  : — 

"  There  can  Ix?  no  question  at  this  time  of  the  comparative  values  of  the  Halsted  and 
similar  radical  methods  of  breast  amputation,  and  the  less  radical  procedures,  in  those  cases 
which  are  considered  operable. 

•■  It  is  difficult,  if  not  impossible,  to  estimate  the  influence  of  the  various  modifications 
of  the  original  Halsted  technique  on  the  prognosis  of  mammary  carcinoma.  Extensive 
removal  of  the  skin  with  more  extensive  removal  of  the  deep  fascia,  as  ad\ised  by  Handley, 
undoubtedly  has  ser\ed  to  decrease  both  local  and  regional  recurrences.  We  believe  that 
the  prognostic  effect  of  preser\'ing  the  pectoralis  major  muscle  is  an  evil  one,  and  find  our 
view  substantiated  by  Vanvert." 

The  authors  rightly  emphasize  the  immense  impetus  given  by  Halsted  to  the  surgery  of  the 
breast,  and  they  still  consider  his  operation  as  the  standard  one,  with  such  modifications  as  are 
rendered  necessary  by  subsequent  research.  \n  English  surgeon  might  here  interpolate  a  claim 
for  the  contem|>orary  operation  of  Stiles  and  Watson  ChejTie,  which,  in  its  insistence  on  the 
necessity  of  undermining  the  flaps  extensively,  was  definitely  superior  to  the  procedure  of  Halsted. 

It  is  possible  without  violating  pathological  requirements  to  de\nse  various  methods  of 
removing  a  breast  cancer,  and  the  authors  select  for  description  the  methods  of  Halsted,  McFarland, 
Handley,  Kocher.  Hodman,  Stewart  Mur|)hy,  Dawbam,  Meyer,  Tansini,  Warren,  and  Jackson. 
The  plastic  methods,  such  as  that  of  Tansini,  are  rightly  condemned.  Our  complaint  here  is 
that  the  various  methods  are  not  submitted  to  rigid  pathological  criticism,  and  the  reader  is 
practically  left  to  choose  l>etween  them.  For  instance,  the  indifference  of  Kocher  to  the  precise 
location  of  the  tumour  in  the  breast  is  not  commented  upon.  He  would  apparently  perform  the 
same  operation  whether  the  growth  is  situated  under  the  nipple  or  at  the  axillary-  edge. 

X  welcome  chapter  is  that  by  Dr.  George  E.  Pfahler  upon  the  non-operative  treatment  of 
cancer  of  the  breast.  The  scope  of  these  methods  is  rightly  limited  to  cases  unsuitable  for 
operative  treatment.  The  encouraging  nature  of  the  results  attained  by  x  rays  and  radium  is 
fairly  presented.  It  is  pointed  out  that,  in  dealing  with  such  large  areas  as  are  affected  in 
breast  cancer,  x  rays  usually  possess  the  advantage  over  radium. 

In  the  chapter  on  Pagefs  disease,  the  authors  give  what  is  one  of  the  best  accounts  of  the 
histology  of  the  condition,  e\idently  from  careful  first-hand  obser\-ation.  As  to  the  nature  of 
the  disease,  they  reserve  judgement.  The  references  to  the  literature  of  this  affection  occupy  seven 
pages  at  the  end  of  the  chapter,  an  illustration  of  the  authors"  conscientious  work,  and  of  the 
perennial  controversy  which  centres  around  the  pathogenesis  of  the  disease. 

Our  chief  criticism  of  the  book,  and  perhaps  of  the  present  tendencies  of  thought  among 
surgeons  generally,  is  the  authors'  expressed  willingness  to  trust  for  guidance  to  the  comparative 
statistical  results  of  difl^erent  methods  of  ojieration  rather  than  to  the  light  of  accurate  knowledge 
based  upon  pathological  research.  They  say,  for  instance.  "  There  are  many  phases  of  the  problem 
of  metastasis  that  cannot  be  considered  in  a  treatise  of  this  kind,  but  they  are  of  little  practical 
moment" — a  sentence  which  suggests,  however  erroneously,  that  they  turn  from  the  complex 
problems  of  dissemination  with  a  gesture  of  intellectual  fatigue.  The  complement  of  the  last- 
quoted  words  is  found  on  p.  603,  where  the  authors  say  :  "  Whether  or  not  there  be  a  best  routine 
operation  for  mammary  carcinoma  remains  to  be  shown.  The  only  way  to  settle  the  question  is  to 
ascertain  the  comparative  end-results  in  large  series  of  cases  after  removal  of  the  breast  by  different 
methods."  To  illustrate  our  jjoint  of  disagreement,  let  us  take  a  geographical  illustration.  If  it  is 
required  to  find  the  l>est  route  between  two  cities  for  a  railway,  the  method  adopted  is  not  to  follow 
the  sinuous  sheep-tracks  of  hoar>-  tradition,  or  even  the  broad  highways  of  recent  years,  which 
represent  the  survival  and  development  of  the  fittest  of  these  tracks.  The  modern  method  is  to 
survey  the  country  and  ascertain  the  levels  and  the  local  conditions.     Only  then  is  it  possible  to 
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rediUT  infinite  possibilities  of  devious  error  to  a  single  best,  or  to  a  choice  l)etween  a  few  eciiially 
jroo«l  alternatives.  The  surjieon  must  look  to  the  patiiolofjist,  and  not  to  statistical  comparisons 
of  end-results,  riddled  with  sources  of  fallacy,  for  the  {rui<lance  which  the  railway  enjiineer  gets 
from  the  surveyor.  If  the  English  surgeon  has  learnt  from  .America  to  study  and  appreciate 
surgical  workmanship  and  to  reform  a  slipshod  tcchni(|iic.  his  .American  colleagues  may  j)erha|^ 
in  their  turn  remend)er  with  advantage  that  first-hand  pathological  knowledge  is  the  only  sah 
yuide  for  their  skilful  hands. 

This  review  is  necessarily  incomplete,  but  we  have  said  enough  to  persuade  all  serious 
students  of  breast  surgery  that  they  must  possess  the  book. 

Tumours  of  the  Nervus  Acusticus  and  the  Syndrome  of  the  Cerebellopontile  Angle.  B\ 
H.\Rvi.v  CrsHiNG,  -M.I).  Harvard.  Large  8vo.  Pp.  296,  with  202  illustrations.  1917. 
London  and  Philadelphia  :    \V.  B.  Saunders  Co.     21s.  net. 

Proiessor  Harvey  Clshing's  book  is  both  a  record  of  a  great  surgical  advance  and  a  model  of 
how  such  a  record  should  be  made.  Since  the  beginning  of  this  century  a  miasma  of  depression 
has  settled  upon  the  Held  of  neurological  surgery,  originating  from  an  honest  and  fearless  recognition 
of  the  fact  that  the  end-results  in  the  mass  are  bad.  Nor  is  there  any  ray  of  hope  for  the  victims 
of  most  intracranial  tumours  from  an  alternative  method  of  treatment.  The  |)atient  and  splendid 
work  of  Cushing  during  the  last  fifteen  years,  as  revealed  in  this  book,  has  disjjclled  at  least  some 
portion  of  the  cloud.  It  is  not  only  the  practical  achievement  of  the  reduction  of  an  operative 
mortality  from  an  average  elsewhere  and  everywhere  of  70  per  cent  to  imder  14  per  cent  in  his 
own  clinic  that  compels  admiration  ;  but,  further,  it  is  the  picture  presented  of  vision  and  courage 
in  the  face  of  overwhelming  difliculties  and  disaj)pointments,  recognizing  failures  with  fearless 
honesty,  rectifying  them  with  consummate  judgement  and  skill,  and  finally  achieving  the  triuni|)li 
so  modestly  set  forth  in  these  pages. 

Beginning  with  a  historical  review  of  the  earliest  records  of  these  cases — among  which  the 
most  notable  are  those  of  John  Bell  in  1830  and  Jean  Cruveilhier  in  1835 — he  traces  the  progress 
of  knowledge  through  the  differentiation  between  supra  and  infra-tentorial  tumours  ;  to  the  further 
subdivision  into  extraeerebellar  and  intracerebellar  lesions;  and  finally  to  the  stage  of  recogni- 
tion where  tumours  of  the  cerebellopontile  angle  assume  a  clinical  identity.  At  this  stage  his 
own  work  begins,  and  from  the  nebular  tumescence  of  the  cerebello-pontile  angle  there  now 
emerges  the  precisely  formulated  conception  of  '  tumours  of  the  nervus  acusticus,'  which  possess 
a  unique  histological  structure,  are  constant  in  their  anatomical  relations,  produce  a  sequence 
of  clinical  signs  and  symptoms  of  unmistakably  clear  significance,  and  are  amenable  to  a  modified 
surgical  procedure  that  transcends  through  its  success  all  previous  endeavours  in  this  region. 

The  terms  '  acoustic  tumour  '  or  '  acoustic  fibro-neuroma '  have  been  deliberately  chosen 
by  the  author  in  preference  to  any  of  the  other  twenty-three  names  already  suggested  by  other 
writers  (p.  19.5)  as  most  appropriate  to  the  cellular  structure  of  the  growths.  This  structure  is 
composed  of  two  main  sorts  of  tissue — a  dense  fibrous  tissue  whose  ovai  nuclei  tend  to  be  grouped 
in  a  ■'  characteristic  palisade  arrangement,"  and  "  a  loose  areolar  tissue  possessing  some  of  the 
architectural  characteristics  of  a  glioma."  "  The  tumours  are  specific  for  the  acusticus,  and  should 
not  be  confused  with  other  growths  arising  in  the  cerebellopontile  angle."  Such  a  fixity  of 
structure  of  tumours  within  the  substance  of  the  nerve,  and  of  their  origin  from  the  distal  portion 
of  the  nerve  within  the  auditory  canal,  is  in  accordance  with  Sternberg's  view  that  they  are  of 
embryonal  origin — a  view  that  receives  additional  support  from  a  consideration  of  the  mode  of 
development  of  the  eighth    nerve. 

Their  anatomical  relationships  need  the  careful  consideration  that  Cushing  has  bestowed 
upon  them,  so  that  an  intelligent  forecast  of  what  symptoms  may  be  expected  from  their  i)resence 
can  be  made,  and  a  right  understanding  of  their  significance  may  be  achieved.  Of  immediate 
surgical  importance  is  the  fact  that  they  are  situated  beneath  the  arachnoid,  which  may  distend 
enormously  with  fluid  over  their  surface,  giving  the  appearance  at  operation  of  a  large  cyst*' 
Unless  this  has  been  sufficiently  appreciated,  the  cyst  may  be  punctured  in  the  belief  that  it  is 
the  lesion  sought  for,  whilst  the  underlying  tumour  remains  undiscovered. 

The  symptoms  and  signs  are  elaborated  by  the  author  with  a  wealth  of  detail  that  provides 
a  mine  of  information,  prevented  from  overwhelming  the  reader  with  its  encyclopa:dic  load  by 
the  clarity  and  precision  of  his  writing.  His  general  conclusions  alone  can  find  space  in  a  review. 
He  states  (p.  176)  that  the  "  symptomatic  progress  of  the  acoustic  tumour  occurs  more  or  less 
in  the  following  stages  :  (1)  The  auditory  and  labyrinthine  manifestation*  ;  (2)  The  occipito-frontal 
pains,  with  sub-occipital  discomforts  ;  (3)  The  incoordination  and  instability  of  cerebellar  origin  ; 
(4)  The  evidences  of  involvement  of  adjacent  cerebral  nerves  ;  (5)  The  indications  of  an  increase 
in  intracranial  tension,  with  a  choked  disc  and  its  consequences  ;  (6)  Dysarthria,  dysphagia, 
and  finally  cerebellar  crises  and  respiratory  difficulties."  P'urther  (p.  152):  "'The  chronology  of 
symptoms*  makes  it  clear  that  the  clinical  diagnosis  of  an  acoustic  tumour  can  be  made  with  reason- 
able assurance  ouly  when  auditory  symptoms  precede  the  evidences  of  involvement  of  other  structures 
in  the  cerebellopontile  angle.  Hence,  when  the  inaugural  symptoms  of  a  growth  obviously  . 
situated  in  the  angle  have  another  sequence,  with  secondary  acoustic  symptoms,  the  diagnosis  must 
remain  uncertain  until  the  lesion  is  exposed."     The  large  series  of  cases  successfully  diagnosed 
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and  submitted  to  operation  affords  the  best  proof  of  the  validity  of  his  conelusions.  It  is  clearly 
of  nrreat  practical  value  that  the  sequence  of  the  symptoms  should  be  so  constant,  and  that  the 
earliest  should  arise  in  the  special  sense  organ  to  which  the  affected  nerve  is  distributed. 

Once  more  the  importance  of  early  diagnosis  is  urged,  and  by  the  pen  of  the  writer  whose  work 
lias  done  so  much  to  render  it  possible.  Not  the  least  tragic  of  his  experiences  has  been  the  late 
stage  of  the  disease  which  many  of  the  patients  had  reached  before  being  brought  to  him.  Blind 
and  bedridden  as  many  of  them  were,  yet  the  lease  of  life  was  frequently  renewed  at  his  hands 
for  a  period  of  from  three  to  seven  years.  What  possibilities  are  unfolded  for  successful  surgical 
treatment  when  cases  can  be  submitted  to  it  in  the  earlier  stages  of  the  disease  whose  recognition 
has  now  become  possible  through  his  labours  ! 

The  author's  methods  of  operation — which  have  done  so  much  to  standardize  the  surgery  of 
the  cerebellar  fossa — are  again  described  in  full  ;  his  important  modification  of  the  enucleation  of 
the  contents  of  the  tumour  from  within  its  capsule  being  the  essential   feature  of  his  new  work. 

"Middle  ear,"  twice  rej»eated  on  p.  208,  is  clearly  a  misprint  for  "internal  ear,"  and  on  p. 
181  and  p.  190  S.  G.  Shattock's  name  is  misspelt  '  .Shattuck.  "  Such  trivial  comments  as  these 
are  a  measure  of  the  difficulty  of  finding  any  blemish  in  so  splendid  a  book.  Physicians  and 
surgeons  alike  will  find  refreshment  and  reward  by  reading  it. 


Surgical  Therapeutics  and  Operative  Technique.  By  E.  Dovkx.  English  translation 
by  H.  .Spenck.r-Bkownk,  M.B.  Cantab.,  etc.;  El^ve  de  I'lnstitut  Pasteur;  Physicien 
et  Chef  de  Clinique  de  I'lnstitut  Doyen.  In  3  vols.,  large  8vo,  with  about  3000  illustra- 
tions.    1917.     London  :    Bailliere,  Tindall  &  Cox.     25s.  net  each  volume. 

This  English  edition  is  taken  from  the  material  from  which  the  second  French  edition  will  be 
compiled,  and  contains  the  latest  developments  in  war  surgery  and  surgical  treatment  in  general. 
Only  the  first  two  volumes  are  ready  as  yet. 

Vol.  I  contains  an  Introduction,  which  deals  with  the  state  of  surgical  practice  at  the 
l>eginning  of  the  twentieth  centur\-,  with  surgical  technique,  and  with  the  duties  and  rights  of  the 
surgeon.  Emphasis  is  laid  on  the  importance  of  anatomical  knowledge,  and  on  the  importance 
of  every  surgeon  being  his  own  diagnostician,  and  not  n.crely  an  operator.  The  surgeon  is 
encouraged  to  rememlier  that  surger>-  is  not  only  a  science  but  also  an  art,  and  that  it  is  by 
the  excellence  of  his  technique  that  the  artist  is  revealed.  The  remainder  of  Vol.  I  is  divided 
into  two  parts,  the  first  dealing  with  general  surgical  technique,  and  the  second  with  the  regional 
surgery  of  the  head. 

Part  I  gives  a  short  account  of  the  arrangements  and  working  of  the  author's  Surgical 
Institute  in  Paris,  and  a  much  more  detailed  description  of  the  operating  department,  including 
the  general  management  of  patients  l>efore,  at,  and  after  o|)eration,  the  aseptic  and  antiseptic 
methods  employed,  and  ana"sthetizi»tion. 

'  .Attached  services "  comprise  lalK)ratories  for  diagnostic  research  and  teaching  purposes ; 
and  the  many-sided  character  of  the  Institut  Doyen  is  appreciated  on  reading  the  short  sketch 
of  these,  which  include  laboratories  of  bacteriology^-,  serotherapy,  chemistry,  histology,  radioscopy, 
photography,  and  cinematography. 

There  is  an  interesting  chapter  on  hfpmostasis,  with  plates  taken  from  Serrig's  atlas,  and  a 
criticism  of  the  methods  employed  by  the  older  surgeons,  which  is  followed  by  a  description  of 
the  author's  own  instnmients  and  devices  for  dealing  with  haemorrhage.  Doyen,  besides  being 
a  skilful  operator,  was  a  mechanical  genius,  and  designed  most  of  his  surgical  instruments  ;  the 
somewhat  formidable  size  of  many  of  these  is  accounted  for  by  his  method  of  operating,  which 
was  rapid,  and  largely  a  combination  of  enucleation  and  crushing.  Doyen  emphasizes  over  and 
over  again  the  importance  of  operating  rapidly  ;  indeed,  he  says,  so  far  as  the  patient  is  concerned, 
•  time  is  life '  ;  and  for  a  surgeon  of  his  almost  uncanny  dexterity  such  a  maxim  was  imdoubtedly 
a  very  proper  one.  This  eye-on-the-clock  method,  however,  will  hardly  find  favour  with  present- 
day  surgeons,  who  rather  take  the  view  that  dainty  handling  and  an  artistic  finish  require  time 
and  produce  the  more  gratifying  results.  Doyen  clearly  recognized  the  avascular  layer  which 
surrounds  all  organs,  in  which  the  enucleating  finger  or  instnmient  produces  the  minimum 
of  bleeding,  and  across  which  only  definite  and  well-marked  vessels  run,  easy  to  see  and  clip  ; 
he  illustrates  this  very  plainly  in  the  section  dealing  with  the  thyroid  in  Vol.  II. 

The  author's  therapeutic  innovations  are  also  described,  and  a  brief  account  is  given  of  his 
anti-neoplastic  vaccine  and  of  mycolysine — a  preparation  employed  by  him  to  prevent  and 
combat  acute  infections. 

This  part  on  general  surgical  technique  concludes  with  an  excellent  and  full  account  and 
criticism  of  the  various  methods  employed  to  destroy  growths  by  heat  and  electro-coagulation. 
Doyen  used  a  high-frequency  current  of  low  tension,  the  electrode  being  left  in  contact  with  the 
diseased  tissue.  He  claims  priority  in  the  discovery  of  the  deeper  penetration  by  this  method, 
and  also  of  the  selective  nature  of  a  temperature  of  60=  C.  for  pathological  tissue.  His  experience 
with  this  form  of  treatment  of  carcinoma  was  a  ver\-  happy  one. 

The  section  on  regional  surgery,  as  far  as  it  has  been  published,  occupies  the  last  140  pages 
of  Vol.  I  and  the  whole  680  pages  of  Vol.  II,  and  deals  with  the  head,  neck,  thorax,  and  upper 
and  lower  extremities.      The  general  plan  adopted  in  each  region  is  to  give  a  short  description  of 
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the  cliiiicjU  c-l>aracteristics  of  the  disease  under  discussion,  with  tiic  iiidieations  and  eontni- 
indicatioiis  for  operation,  the  siir<jieal  anatomy  of  the  part,  a  plate  depietinj;  the  instruments 
required,  witli  a  deseripti«»n  of  the  same,  and  finally,  a  deseription  of  the  operation  itself,  which 
is  clearly  and  concisely  divided  into  stajjes.  Kach  operation  is  profusely  illustrated  with  most 
excellent  dia<:rams,  which  are  one  of  the  noticeahle  features  of  the  book.  Ahmy  classical, 
but  defunct,  opemtions  are  not  mentioned.  The  operations  are  those  used  by  Doyen  and  his 
staff,  standardized  so  to  speak,  and  pernicated  by  his  technique;  where  necessary,  modifications, 
such  as  the  experience  of  the  author  has  led  liim  to  adopt  to  meet  complications,  are  dcscril)ed. 

There  is  a  good  section  on  the  comparatively  recent  field  of  lun<;  and  heart  surgery,  for  whicli 
Doyen  has  introduced  several  excellent  instruments.  Vascular  surgery  and  blood  transfusions 
are  dealt  with  fully,  and  in  a  thoroughly  up-to-date  manner. 

The  plan  and  general  treatment  of  the  subject  matter,  in  Vol.  II  particularly,  is  refreshingl\ 
original,  and  it  is  perhaps  only  what  one  would  expect  from  a  genius  who  not  only  constructed 
most  of  his  instruments,  formed  a  technique  peculiarly  his  own,  and  introduced  many  original 
therapeutic  remedies,  but  wlio  devised  many  of  the  operations  he  performed,  and  altered  most 
of  the  others  to  suit  his  own  characteristic  methods. 

It  was  this  originality  of  the  author's  work,  and  the  great  interest  shown  by  the  large  nimibcr 
of  visitors  to  his  Institut  in  Paris,  which  led  to  a  general  desire  for  an  English  edition  of  his  text- 
book ;    the  French  edition  lias  alreadv  had  a  wide  success  abroad. 


Collected  Papers  of  the  Mayo    Clinic.   Vol.   IX,  1917.      Edited  by  Mrs.  Mellish.     Pp.  880, 
with  iVSl  illustrations.     1918.     Philadelphia  and  I^ondon  :  W.  B.  Saunders  Co.     28s.  net. 

That  it  should  be  possible  to  produce  a  volume  similar  in  size  and  in  the  number  of  its 
contributors  to  those  issued  in  former  years,  during  the  year  when  the  United  States  entered 
the  War,  and  at  a  time  when  the  whole  nation,  and  not  last  in  this  respect  the  medical  profession, 
were  making  most  thorough  preparations  to  take  their  share  In  its  burdens,  says  much  for  the 
enthusiasm  and  activity  of  the  staff.  While  there  are  no  papers  definitely  dealing  with  diseases 
or  injuries  of  war,  yet  this  event  has  clearly  set  its  impress  on  the  volume,  in  that  it  has  led 
Dr.  C.  Mayo  to  write  two  papers  on  "  War's  Influence  on  Medicine,"  and  "•  iMedical  Service 
in  the  I'nited  States  Army." 

The  former,  his  presidential  address  to  the  American  Medical  Association,  is  a  most  delight- 
fid  piece  of  reading,  which  shows  that  the  writer  is  not  only  the  master  of  wide  information,  but 
also  has  definite  and  broad  views  of  the  demands  of  national  medicine  in  the  States,  and  of  the 
responsibilities  and  duties  of  those  engaged  in  medicine.  It  will  well  repay  careful  reading  by 
all  those  on  this  side  who  are  interested  in  and  giving  much  thought  to  the  remodelling  of  medical 
education.  While  Dr.  Mayo  expresses  in  this  first  article  a  quite  natural  and  justifiable  pride  in 
the  accomplishments  of  his  fellow-countrymen  in  showing  that  "  man's  power  to  control  the 
elements  was  developed  in  America,'"  he  is  under  no  delusions  that  their  state  is  a  perfect  one  : 
in  pointing  out  in  his  second  paper  the  benefits  which  the  American  nation  may  derive  from  active 
participation  in  the  war,  he  writes  :  "  Our  nation  is  becoming  soft,  dissipated,  and  inefficient.  .  .  . 
We  make  many  laws,  but  obey  few,  and  having  an  abhorrence  of  discipline,  we  discuss  freedom." 
There  is  certainly  no  evidence  of  this  decadence  having  spread  to  Kochester,  Minn. 

In  reviewing  the  medical  service  in  the  United  States  Army,  he  enters  a  plea  for  higher  rank 
for  medical  officers,  and  deplores  the  fact  that  the  Surgeon-General  is  not  a  member  of  the  War 
Coimcil.  "  This  is  another  of  the  conditions  such  as  brought  about  the  Mesopotamian  failure." 
which,  on  another  |)age  he  stigmatizes  as  the  "  last  atrocious  medical  failure  "  :  this  straight 
speaking  should  do  good  in  helping  us  to  realize  the  defects  of  our  own  system  and  the  path 
along  which  reform  should  move. 

Dr.  L.  B.  Wilson  contributes  a  complete  review  of  the  literature  of  trench  foot,  which  should 
be  most  helpful  to  those  likely  to  have  to  treat  such  cases  in  future  campaigns. 

The  same  author's  paper  on  "  (Jraduate  Work  in  .Medicine  in  the  University  of  Minnesota  >" 
shows  how  the  Clinic  is  tackling  this  most  important  question,  and  tells  how  in  191o  the  Mayo 
foundation  entered  into  a  temporary  agreement  with  the  I'niversity  of  .Minnesota  for  graduate 
work  in  pathologj',  medicine,  and  surgery,  which  was  made  permanent  in  1917.  It  appears  that 
the  funds  for  this  purpose  have  been  handed  over  by  the  Mayo  foimdation  to  the  control  of  the 
University,  which  indicates  a  very  broad-minded  attitude  of  the  former  and  the  wise  policy  of  those 
responsible — without  doubt  the  Mayo  brothers- -in  tlius  devoting  a  large  proportion  of  the  earnings 
of  their  life-work  to  the  benefit  of  medicine  of  the  future.  We  coidd  wish  that  post-graduate 
training,  now  becoming  a  very  live  issue  in  this  country,  could  be  directed  by  equally  sag<' 
counsellors,  for  Dr.  Wilson's  views  on  "University  ideals"  are  no  less  admirable  than  tli<- 
■■  general  plan  "  on  which  it  is  proposed  to  put  them  into  execution. 

Clinical  pajjers  occupy  less  of  this  than  of  former  volumes,  which  fact  may  be  due  to  tin- 
present  pre-occupation  of  many  of  the  staff  with  military  affairs  ;  of  those  which  do  appear, 
perhaps  the  most  valuable  is  that  by  Dr.  W.  J.  Mayo  in  which  fie  deals  with  forty-two  cases 
of  diverticulitis  of  the  colon  treated  by  resection.  We  are  not  aware  of  any  pa|>er  in  which 
so  large  a  number  of  operative  experiences  for  this  condition  have  lieen  brougfit  together.  Tin 
proljlems   and   difliculties   met   with    in   the   course   of  such    operations    are    handled    with    the 
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resource  and  judgement  which  tliose  of  us  who  have  long  sat  at  his  feet  have  learnt  to  ex|)ect 
from  this  writer. 

Dr.  W.  W.  Bisseirs  paper  on  pulmonary  fat  emlx)lism  thoroughly  reviews  the  pathology 
of  this  condition,  and  is  valuable  in  drawing  attention  to  a  post-operative  complication  which, 
in  the  author's  opinion,  is  often  confounded  with  shock  from  other  causes. 

Dr.  1).  C.  Balfour  discusses  the  conditions  which  may  call  for  splenectomy,  with  a  very  full 
bibliography  ;  this  paper  will  carry  weight  in  conjunction  with  the  same  writer's  former  papers 
on  the  surgery  of  the  organ,  which  indicate  that  his  ex|)erience  has  been  exceptionally  wide. 

Of  the  purely  scientific  papers,  that  by  Dr.  MacCarty  on  "  Cancer's  Place  in  General 
Biology "'  is  original  in  conception  an«l  most  fascinating  in  suggestion  :  the  cellular  reactions  are 
described,  and  illustrated  by  beautifully-drawn  plates  which  illuminate  the  argument.  The  writer, 
perhaps  wisely,  makes  no  effort  to  explain  why  these  changes  take  place. 

In  our  former  reviews  of  the  Mayo  Pa|)ers,  we  have  taken  the  writers  to  task  because  we  have 
held  that  sonic  articles  were  scarcely  worthy  of  the  institution  from  which  they  emanated  ;  those 
who  had  not  had  the  imique  privilege  of  visiting  the  Clinic  would,  we  held,  fail  to  gather  front  its 
publications  the  value  of  the  work  which  it  was  really  doing  for  medicine  :  we  felt  that  its  reputa- 
tion must  suffer,  and  that,  from  the  greatest  combined  clinical  and  scientific  institution  which 
has  been  evolved  by  men  still  living,  nothing  but  the  best  could  lie  regarded  as  representative. 
To  a  large  extent  this  criticism  no  longer  holds  good,  for  the  first -mentioned  papers  by  Dr.  C. 
Mayo  and  Dr.  Wilson,  in  mirroring  the  ideas  and  character  of  the  institution,  can  only  add  to  its 
laurels,  and  in  themselves  justify  the  issue  of  the  Collected  Pa|>ers. 


Gunshot  Fi-actures  of  the  Extremities.     By  Joseph  A.  Bi..4KR,  Lt.-Col.  Medical  Corps,  U.S.A. 

8vo.  Pp.  136,  with  40  illustrations,  lois.  Paris  :  .Masson  et  Cie.  4  fr. 
This  small  book  represents  the  results  of  practical  experience  during  the  present  war.  The 
methods  of  treatment  of  gimshot  fractures  represent  on  the  whole  that  which  has  been  lately 
in  vogue  in  the  British  .Vrmy  and  which  was  described  by  Ogilvie  in  the  last  number  of  the 
British  Journai.  of  Surgery.  The  author  does  not  accept  Leriche's  view  of  the  desirability 
of  the  removal  of  loose  fragments  from  conmiinuted  fractures,  but  wisely  insists  on  the  value 
of  these  in  regard  to  regeneration  of  the  bone.  He  lays  great  stress  u|>on  the  importance  of 
maintaining  the  limbs  in  a  position  of  physiological  rest- — that  is,  with  semiflexion  of  the  principal 
joints.  He  also  urges  that  active  traction  by  a  weight  and  pulley  is  nuich  more  eHicacious  than 
passive  traction  by  tying  the  limb  to  a  splint.  He  recommends  and  illustrates  what  we  consider 
to  be  an  unnecessarily  complicated  system  of  suspension.  In  cases  of  severe  fractures  of  the  arm 
he  advises  a  system  of  traction  and  suspension,  without  the  use  of  rigid  splints,  and  we  think  his 
arguments  for  this  are  quite  sound.  The  sections  on  vicious  union  and  non-imion  are  too  short 
to  l)e  of  any  practical  value,  and  his  reference  to  the  use  of  inlay  grafts  gives  a  misleading 
impression  that  this  is  a  satisfactory-  method  of  treating  tmunited  gimshot  fractures. 

The  book  is  a   very  valuable  guide  to  the  matter  of  which  it   treats,  and   it   is  a  matter 
for  regret  that  it  has  apjieared  so  late  in  the  war. 


Local  and  Regional  Anaesthesia.       By  Carroll  VV.  Allen,  M.D.,  New  Orleans.    Second  edition. 

Pp.  674  —  14,  with  illustrations.  1918.  Philadelphia  and  Ix)ndon  :  W.  B.  Saunders  Co.  28s. 
It  is  a  pity  that  Dr.  Allen's  book  on  local  and  regional  anaesthesia  is  so  bulky.  In  these  busy 
days,  operating  surgeons,  for  whom  it  would  have  most  value,  have  little  time  and  no  inclination 
for  reading  lengthy  dissertations.  The  historical  presentation  of  the  subject  is  interesting.  The 
essence  of  the  technical  descriptions  is  of  good  quality,  but  is  too  highly  diluted.  The  illustrations 
are  excellent  and  useful,  especially  those  borrowed  from  the  works  of  Braun  and  Hartel.  The 
syringe  and  attachments  recommended  by  Dr.  Allen  are  inferior  to  those  used  by  most  British 
surgeons  who  use  local  anaesthesia  extensively.  The  syringe  is  too  small,  and  there  is  no  rapidly- 
locking  arrangement  which  prevents  the  nozzle  being  forced  off.  The  admixture  of  J  per  cent 
potassium  sulphate  with  the  anaesthetizing  solution,  which  has  been  foimd  by  other  surgeons  to 
enhance  and  prolong  the  anaesthesia,  has  apparently  not  found  favour  with  Dr.  Allen.  We  join 
with  him  in  recommending  the  study  of  the  anatomy  of  the  nervous  supply  of  parts  which 
are  to  be  operated  on  under  local  anaesthesia.  Failure  is  frequently  due  to  want  of  this 
anatomical  knowledge.  A  concise  description  in  English  of  the  technique  necessary-  for  success 
is   very  desirable. 

The  Treatment  of  Infected  "Wounds.        By    A.    Carrel    and    G.    Dehkllv.     Second    English 

edition.  81  figures  and  6  plates.  1918.  London  :  Bailliere,  Tindall  &  Cox.  6s.  net. 
The  only  defect  in  the  original  edition  of  this  classic  work  was  the  omission  to  pro\ide  sufficient 
information  as  to  the  results  obtained  by  the  treatment  now  so  well  known  and  so  widely  practised 
under  the  name  of  the  Carrel-Dakin  method.  In  the  edition  before  us  this  has  been  remedied, 
and  the  reader  will  also  find  information  as  to  the  results  obtained  by  the  method  in  the  treatment 
of  wounds,  fractures,  and  joint  injuries  that  are  not  of  recent  origin."  What  will  be  the  exact  scope 
of  the  method  after  the  war  it  is  of  course  impossible  to  say ;  but  the  book  is  more  than  welcome, 
if  only  as  a  memorial  of  a  most  brilliant  and  valuable  research  planned  under  circumstances  of 
great  stress  and  brought  to  achievement  within  a  phenomenally  short  time. 
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Applied  Anatomy :  The  Construction  of  the  Human  Body  considered  in  relation  to  its 
Functions,  Diseases,  and  Iniuries.  Hy  (iwii.YM  C.  Davis,  .M.I).,  .M.H.C.S.,  Professor  of 
OrthojKrdic  .Surficrv  in  tlu'  I'liiversity  of  Pennsylvania.  Fiftli  edition.  I'p.  (i'.U),  illustrations 
031,  many  in   eolour.     1918.     Philadelphia   and    London  :    .1.    H.    J>ip|>ineott   Co.     aOs.  net. 

This  is  the  fifth  edition  of  Professor  Davis's  sumptuous  hook.  It  eontains  a  wealth  of  illustra- 
tions, many  of  them  in  eolour,  hy  Mr.  Erwin  F.  Faber.  The  profusion  of  illustration  is  realized 
when  one  finds  that  there  are  031  [jietures  in  0.'J()  papes. 

The  book  is  obviously  the  work  of  a  trained  teaeher.  The  lanjjua^e  is  terse,  and  always  elear. 
The  anatomieal  faets  are  presented  to  show  their  value  in  relation  to  the  art  of  surgery.  The 
book  is  essentially  praetieal.  It  is  sound  anatomy,  and  happily  is  written  in  the  old  terniinolojry. 
a  point  whieh  should  enhanee  its  value  to  students.  One  is  amused  to  see  the  old  error  about  the 
angle  of  Ludovicus  (Louis),  this  eroppin<r  up  in  several  places  as  the  •an<ile  of  Ludwi<i." 

Development  is  introduced  to  explain  anomalies  and  deformities.  The  embryolojrical 
references  are  sometimes  misleadinjj,  or  too  brief  to  be  suHiciently  explanatory.  The  vexed 
question  of  the  development  of  the  sternum  is  too  summarily  dismissed  ;  and  in  relation  to  the 
subject  of  imperforate  anus,  there  is  an  inadequate  account  of  the  development  of  the  cloaca,  etc. 
The  account  of  the  development  of  the  orenito-urinary  system  is  rather  superficial. 

The  subject  is  treated  regionally,  and  the  best  sections  are  those  on  the  neck,  thorax,  and 
abdomen.  There  is  an  excellent  and  accurate  account  of  the  abdomen,  and  of  hernia,  with  very 
good  illustrations.  It  is  in  relation  particularly  to  the  limbs  that  one  is  disappointed  that  a 
Professor  of  Orthopa'dic  Surjiery  should  leave  so  much  that  is  of  prime  importance  unsaid. 
While  there  are  many  excellent  i)araj;raphs  in  the  description  of  the  upper  limb — notably 
in  the  sections  dealing  with  dislocations  and  fractures  in  the  region  of  the  shoidder — the  account 
of  the  joints,  tendons,  and  peripheral  nerves  is  weak.  In  the  account  of  the  lower  limb,  similarly, 
there  is  a  very  sketchy  account  of  the  joints  and  nerves  ;  and  the  deformities  of  the  foot  are  treated 
in  a  perfimctory  manner.  One  must  draw  attention  particularly  to  the  almost  complete  silence 
of  the  author  on  the  subject  of  the  semilunar  cartilages  of  the  knee-joint.  No  accoimt  is  given 
of  any  operation  for  their  removal.  The  picture  of  the  knee-joint  on  page  536  shows  the  tendon 
of  the  biceps  flexor  cruris  passing  apparently  wider  the  long  external  lateral  ligament. 

The  illustrations  as  a  rule  are  excellent.  There  have  rarely  been  produced  more  vivid  and 
lucid  drawings  than  those  of  the  muscles  shown  in  this  book.  The  pictures  of  the  neck,  thorax, 
and  abdomen  are  also  excellently  reproduced.  As  an  appendix  a  number  of  valuable  illustra- 
tions are  given  of  frozen  sections  through  the  trimk  and  limbs. 

The  author  is  fully  justified  in  the  statement  made  in  the  preface  to  the  effect  that  the  book 
is  suggestive  rather  than  absolute — and  in  his  hope  that  it  will  appeal  to  the  practising  physician 
and  surgeon  as  well  as  to  the  student.  After  a  careful  perusal  of  the  work,  one  has  every 
confidence  in  recommending  it  to  the  student  in  anatomy  and  surgery.  It  will  be  of  great 
service  also  to  the  demonstrator  of  anatomy  and  young  teacher  of  surgery,  from  its  value  in 
pointing  incisively  the  applicability  of  anatomical  data  to  surgical  problems.  For  the  operating 
surgeon  it  has  less  value.  He  will  naturally  appeal  either  to  the  cadaver  itself  or  to  a  systematic 
textbook  of  anatomy  for  the  information  he  seeks.  The  modern  military  orthopaedic  surgeon  will 
not  find  here  the  detail  or  accuracy  needed  to  enable  him  to  perform  operations  on  tendons,  joints, 
or  peripheral  nerves.  

Military  Surgery.  By  Dunlop  Pearce  Penhallow,  S.B.,  M.D.  Harvard.  Second  edition. 
Pp.  555.     1918.     London  :    Henry  Frowde  and  Hodder  &  Stoughton.     21s.  net. 

The  rapid  changes  in  military  surgery  have  necessitated  many  alterations  of  view,  and  it  is 
therefore  not  surprising  that  the  author  has  found  it  necessary  to  issue  another  edition.  When 
dealing  with  the  previous  edition,  we  called  attention  to  some  of  the  more  important  omissions, 
In  the  volume  before  us  these  have  been  to  a  great  extent  supplied,  and  a  much  more  complete 
picture  is  presented  of  the  state  of  military  surgery,  with  a  tendency  to  dwell  upon  treatmen^t 
in  this  country^  rather  than  that  in  the  forward  areas  of  the  war.  Some  sections  are  rather 
inadequately  treated,  notably  that  dealing  with  injuries  to  blood-vessels,  in  which  the  importance 
of  the  decision  whether  ligature  or  arteriorrhaphy  shall  be  em[)loyed  in  certain  cases  does  not 
appear  to  be  recognized.  Possibly  this  is  because  so  little  has  appeared  upon  this  subject  in 
English  surgical  literature  as  contrasted  with  that  of  the  allied  and  enemy  forces.  The  important 
subjects  of  fractures  of  bones  and  wounds  of  joints  receive  extended  notice,  and  due  stress  is  laid 
upon  the  imj)ortance  of  comjjlete  primary  treatment  if  a  good  result  is  to  be  obtained. 


Surgical  Treatment:    A  Practical  Treatise  on  the  Therapy  of  Snrgicnl  Diseases,  for  the 

use   of  Practitioners  and  Students   of    Surgery.      By   James    Peter    Warbasse,    M.D., 

F.A.C'.S.      In  three  large  8vo  volumes  and  se])aratc  desk  index   volume.     Vol.    I.      Pp.  947. 

illustrations  691.     1918.     Philadelphia  and  London:    W.  B.  Saimders  Co.      £6   6s.  per  set. 

This  work,  dealing  with  surgical  treatment  in  three  large  well-illustrated  volumes,  is  one  of  great 

imjK>rtance.     It   combines  the  mlvantages  of  an  expensive  Si/stem  of  encycloi)a'dic   scope    with- 

those  of  a  bfmk  written  by  a  single  author.     The  present  volume  deals  with  general  principles, 

ana-sthesia,  operative   technique,  surgical   infections,   blood-vessels,   bones,   joints,   muscles,   and 
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nerves.  It  includes  a  description  of  all  the  most  important  surgical  operations,  together  with 
the  preparatory  and  after  treatment  suitable  for  each.  The  descriptive  matter  and  illustrations 
are  extremely  clear,  and  for  reference  purposes  every  important  method  of  surgical  treatment 
is   easily   looked   up. 

Naturally  the  author  of  such  a  book,  being  anxious  to  represent  every  method,  is  apt  to 
overlook  the  necessity  for  a  critical  examination  of  each  ;  for  example,  in  the  operation  of 
arthroplasty  for  knee-joint  ankylosis,  the  procedure  is  described  very  much  as  that  for  a  bunion, 
with  the  mere  remark  that  the  operation  on  the  knee  "  gives  most  gratifying  results." 

The  preliminary  articles  on  general  principles  and  operative  technique  are  good  and  com- 
plete ;  that  on  anaesthesia  Ijcing  a  very  useful  presentation  of  various  modem  methods.  The 
description  of  intratracheal  anjesthesia  is,  we  think,  the  weakest  part  of  this  section,  the  value 
of  the  procedure  in  oral  surgery  not  being  given  due  weight.  Spinal  ansesthesia  and  its  various 
modifications,  on  the  other  hand,  are  dealt  with  at  disproportionate  length.  The  articles  on 
wound  treatment  and  infections  are  brought  into  line  with  recent  work  by  the  inclusion  of  the 
Carrel-Dakin  and  other  methods  of  war-wound  treatment.  Direct  transfusion  of  blood  is  well 
and  fully  described,  together  with  l)oth  the  modern  operations  for  the  suture  of  blood-vessels  and 
the  more  classical  operations  for  ligature  of  the  main  trunks. 

The  chapters  on  fractures  and  bone  operations  are  full  of  valuable  information,  although 
here  again,  for  the  sake  of  completeness,  methods  are  included  which  might  better  have  been 
left  out — such,  for  example,  as  the  so-called  extension  of  the  fractured  femur  combined  with 
the  use  of  a  long  Liston  splint.  .\lbee*s  methods  of  bone-grafting  are  given  due  prominence, 
together  with  various  modern  methods  of  open  treatment  of  fractures.  But  the  general 
principles  of  the  treatment  of  fractures  by  extension  methods  are  neither  clearly  appreciated  nor 
adequately  described,  whilst  a  great  number  of  odd  methods  are  illustrated. 

The  book  is,  however,  of  the  greatest  possible  value  as  a  work  of  reference,  containing,  as  it 
does,  a  great  wealth  of  information  and  illustrations. 

Burns  and  their  I'reatment,  including  Dermatitis  from  High  Explosives.  Bv  J.  >r.  H". 
MACLEOD,  M.A.,  M.D.  Small  8vo.  Pp.  176,  illustrated.  1918.  London  :  Henrj-  Frowde 
and  Hodder  &  Stoughton.     6s.  net. 

The  direct  outcome  of  war  experience,  and  the  result  of  special  study  of  the  subject — including 
dermatitis  from  high  explosives- — this  work  appeals  to  readers  by  reason  of  its  brevity,  clarity 
of  exposition,  and  utility.  The  author  has  sifted  the  literature  of  the  subject  thoroughly,  and 
has  presented  not  only  the  experience  and  apparatus  of  others,  but  his  own  practice  and  ad\ice. 
Each  section  of  the  book  deals  in  a  plain  matter-of-fact  way  with  its  subject  matter,  and 
carries  conviction.  There  is  a  verj-  good  index,  and  the  references  are  detailed  and  complete,  so 
that  in  addition  to  its  practical  side,  material  for  research  work  is  provided.  It  is  therefore  from 
all  points  of  view  eminently  useful. 


War  Wounds  of  the  Lnng:  Notes  on  their  Sursical  Treatment  at  the  Front.    By  Pierrk 
DrvAL.     English   translation.     1918.     Bristol  :    John    Wright    &    Sons   Ltd.     8s.    6*d.   net. 

Pierre  Dival  was  among  the  first  to  recognize  that  gimshot  wounds  of  the  lung  should  be  treated 
by  the  same  energetic  measures  as  were  being  applied  to  gimshot  wounds  of  other  parts  of  the 
body,  and  that  without  such  active  intervention  it  would  be  impossible  to  lower  materially  the 
higli  mortality^ — <iue  especially  to  infection — ^that  was  occurring  in  these  cases.  His  attitude  is 
expressed  in  the  following  paragraph  :  "  It  is  the  first  principle  in  war  surgerj-  to  prevent  infection 
of  wounds,  and  the  only  method  of  preventing  sepsis  in  gunshot  wounds  is  to  operate  on  them, 
to  remove  all  foreign  bodies,  and  to  excise  as  far  as  possible  all  necrotic  tissue.  It  is  only  logical 
to  think  that  the  really  effective  treatment  of  infection  in  the  lung,  and  of  its  usual  complication, 
infection  of  the  pleura,  is  preventive  treatment  by  removal  of  foreign  bodies  and  direct  treatment 
of  the  lung  wound."  (p.  46  of  the  English  translation). 

Duval  published  Les  Plaies  de  Guerre  du  Poumon  in  1917,  and  this  has  now  been  translated 
into  English.  The  book  consists  of  some  100  pages  and  a  few  instructive  illustrations.  It  is 
clearly  and  concisely  written,  and  is  devoid  of  all  superfluous  matter.  The  facts  and  the  deductions 
based  on  these  facts  are  set  out  in  logical  order  and  in  a  most  straightforward  and  convincing 
manner.  The  English  translation,  the  type,  and  the  printing  are  all  three  excellent.  The 
book  is  undoubtedly  one  which  should  be  read  by  all  who  have  to  treat  lung  injuries,  whether  in 
the  field  or  at  home,  as  a  knowledge  of  the  matter  contained  therein  is  essential  to  success. 


Commozione  Cerebrospinale.      By    Dott.    F.    Pedrazzin'i.       Small   8vo.       Pp.    170,   with    13 
illustrations.     1918.     Milan  :    Llrico  Hoepli.     L.  3.50  net. 

This  little  book  emphasizes  the  reality  of  cerebrospinal  lesions  following  concussion.  The  physics 
of  the  skull  and  vertebral  column  are  first  considered,  then  the  compensatory-  mechanism 
provided  by  the  elasticity  of  the  spinal  dural  sac,  the  compressibility  of  the  perimeningeal  si)ace 
in  the  vertebral  column,  and  the  slight  compressibility  of  the  brain  and  cord.  These  factors  afford 
a  large  degree  of  protection  ;    but  when  the  force  is  applied  instantaneously,  there  may  not  be 
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time  for  their  action.  Tlicn  the  force  will  be  transmitted  by  the  incomj)ressible  cerebrospinal 
ttuid  direct  to  the  compressible  cerebrospinal  matter.  Experiments  showed  that  lurmorrhajies 
might  occur  in  most  parts  of  the  brain,  but  especially  in  the  pons  and  medulla,  while  in  the  cord 
the  principal  effects  of  spinal  concussion  were  systemic  degeneration  and  circimiKcribed  foci  of 
softening.  After  the  examination  from  the  literature  of  a  number  of  cases  of  post-traimiatic 
paralyses,  the  same  principles  are  applied  to  the  question  of  shell-shock.  In  the  author's  words  : 
*•  In  the  neighbourhood  of  the  explosion  of  large  projectiles  the  pressure  of  the  atmosphere  on  the 
surface  of  the  body  compresses  the  thoracic  and  abdominal  cavities  and  the  soft  parts  of  the  neck, 
and  causes  a  reduction  in  size  of  the  large  veins  and  of  the  auricle,  and  a  sudden  obstruction  to 
the  returning  flow  of  the  blood.  This  gives  rise  to  a  sharp  shock  within  the  cranio-vertebral 
cavity,  due  to  regurgitation  of  blood,  with  variations  in  the  capacity  of  the  elastic  dural  sac  and 
of  the  volume  of  its  contents,  and  consequently  the  production  of  waves  of  pressure  and  movements 
of  the  liquid  in  the  arachnoid  reservoir,  analogous  to  those  caused  by  traumatic  deformations 
within  the  limits  of  the  elasticity  of  the  skull  and  vertebral  column."  Lumbar  puncture  should 
be  used  in  these  cases  as  a  means  of  treatment  as  well  as  diagnosis. 

The  book  is  a  serious  contribution,  based  on  experimental  and  clinical  evidence,  to  a  subject 
of  general  interest  in  these  days. 


Lessons  from  the  ESnemy  (Medical  War  Manual,  No.  5).  By  John  R.  McDill,  M.D.,  Major 
M.R.C.,  U.S.  Army.  8vo.  Pp.  262  h  xvii,  illustrated.  1918.  Philadelphia  and  New  York : 
Lea  &  Febiger.     6s.  net. 

Is  a  philosophic  foreword,  the  author  gives  a  bird's-eye  view  of  the  World  War  and  of  the  part 
played  therein  by  the  medical  profession.  There  follows  a  description  of  the  German  medico- 
military  organization,  ranging  from  the  rank  and  pay  of  medical  officers,  to  the  equipment  of 
hospitals,  hospital  trains,  and  base  hospitals.  In  the  treatment  of  gunshot  wounds  he  declares 
liimself  an  advocate  of  the  Carrel-Dakin  method,  and  gives  an  account  of  the  German  equivalent 
or  imitation  thereof.  Concluding  chapters  deal  with  volunteer  nursing  under  the  Red  Cross, 
re-education  of  the  'war-disabled,'  orthopaedic  hospitals  and  workshops,  and  finally  with  artificial 
limbs.  It  may  be  confidently  stated  that  within  a  small  compass  this  book  contains  a  quantity 
of  information  which  is  not  easily  obtainable  from  other  sources. 


Principles  of  Surgical  Nursing :  A  Guide  to  Modem  Surgical  Technique.  By  Frederick 
C.  Warnshuis,  M.I).,  F.A.C.S.  Large  8vo.  Pp.  277,  with  255  illustrations.  1918. 
Philadelphia  and  London  :    W.  B.  Saunders  Co.     12s.  net. 

This  small  book  is  a  successful  attempt  to  give  detailed  practical  directions  as  to  a  nurse's  duties 
in  the  operating  theatre,  at  private  houses,  and  in  the  wards. 

The  author  has  embodied  the  essential  details  of  everyday  practice,  with  a  sufficient  amount 
of  theoretical  explanation  to  justify  the  same.  Such  a  book  is  always  open  to  the  criticism  that 
by  laying  down  too  great  an  amount  of  detail  a  system  is  taught  which  does  not  represent  the 
practice  of  more  than  a  single  individual.  But  it  is  probably  better  for  practical  purposes  to 
describe  accurately  the  practice  of  one  man,  than  be  content  with  vaguely  outlining  principles 
which  all  are  agreed  upon.  The  book  certainly  inculcates  the  idea  of  a  keen  surgical  conscience, 
and  this  principle  is  perhaps  the  most  important  that  can  be  taught  by  such  a  work. 

We  think  that  no  good  purpose  would  be  served  by  criticizing  details  of  the  author's  technique, 
because  as  has  already  been  stated  this  is  largely  a  matter  of  individual  practice.  With  recent 
experiences  of  war  surgery  vividly  in  our  minds,  we  think  the  greatest  need  of  this  book 
is  to  describe  methods  of  dealing  with  emergencies,  and  the  organization  of  nursing  of  numbers 
of  septic  cases.  The  author  contents  himself  with  describing  the  technique  of  the  operating  room, 
post-operative  emergencies,  anaesthesia,  plaster-of-Paris  splints,  the  operation  for  appendicitis,^ 
and  a  few  other  less  important  details.  It  is  doubtful  whether  the  great  wealth  of  photographic 
illustrations  adds  very  much  to  the  value  of  the  book. 


The  Treatment  of  War  Wounds.  By  W.  W,  Keen,  M.D.,  I<L.D,  Second  edition.  8vo. 
Pp.  270,  with  53  illustrations.  1918.  Philadelphia  and  I<ondon  :  W.  B.  Saunders  Co. 
8s.  6d.  net. 

The  best  testimony  to  the  value  of  this  work  is  the  fact  that  its  first  edition  has  been  exhausted 
in  six  months.  This  has  been  due  no  doubt  to  the  great  reputation  of  its  author.  The  present 
edition  has  been  largely  re-written,  in  order  to  deal  with  the  subjects  of  shock,  the  Carrel-Dakin 
and  other  methods  of  wound  treatment,  fractures,  tetanus,  wounds  of  the  head,  chest,  and  joints, 
and  gas  gangrene.  The  book  is  so  short,  and  consists  so  largely  of  abstracts  and  summaries,  that 
it  cannot  be  regarded  as  more  than  a  brief  resumi  of  recent  work.  It  is  to  be  regretted  that  such 
an  inaccurate  picture  as  Fig.  21  should  ever  have  been  drawn  and  reproduced.  It  represents  a 
Balkan  splint  so  arranged  that  the  thigh  sling  could  never  remain  in  the  position  indicated. 
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SIR    WILLIAM    FERGUSSON. 

1808-1877. 

Born  at  Preston  Pans  on  March  20,  1808,  the  son  of  James  Fergusson,  of  Loehniaben, 
Dumfriesshire,  WilUam  Fergusson  was  educated  at  the  High  School,  Edinburgh,  and 
after  spending  two  years  in  a  lawyer's  office,  he  began  to  study  medicine  at  Edinburgh 
at  the  age  of  seventeen.  He  soon  attracted  the  notice  of  Robert  Knox — then  at  the  height 
of  his  fame  as  a  teacher  of  anatomy — by  his  mechanical  ingenuity  and  the  excellence  of 
his  dissections.  Knox  appointed  him  a  chief  assistant  in  the  dissecting  rooms  at  the  Old 
Surgeons'  Hall,  where  four  hundred  students  attended  daily.  In  this  position  Fergusson 
showed  such  a  decided  bent  for  surgerj-,  that  Knox  commissioned  him  to  give  a  special 
course  on  surgical  anatomy — then  a  new  feature  in  anatomical  teaching.  In  1833  this 
course  had  proved  so  great  a  success  that  Dr.  John  Reid  joined  Knox  and  Fergusson, 
paying  £250  for  the  privilege,  and  recei\nng  a  third  share  of  the  proceeds.  In  1828 
Fergusson  became  a  Licentiate  and  in  1829  a  Fellow  of  the  Royal  College  of  Surgeons  of 
Ekiinburgh.  In  1831  he  was  ap{X)inted  Surgeon  to  the  Eklinburgh  Royal  Dispensary, 
and  in  1836  he  was  elected  Surgeon  to  the  Royal  Infirmarj'.  By  this  time  he  was  sharing 
with  Syme  the  chief  surgical  practice  in  Scotland. 

Rendered  independent  by  his  marriage  in  1833  with  Helen  Ranken,  daughter  and 
heiress  of  William  Ranken,  of  Spittlehaugh,  Peebles-shire,  he  came  to  London  in  1840  on 
his  appointment  as  Professor  of  Surgerv'  at  King's  College  and  Surgeon  to  King's  College 
Hospital.  He  was  admitted  a  Member  of  the  Royal  College  of  Surgeons  of  England  after 
examination  in  1840,  and  was  elected  an  Honorary  Fellow  of  the  College  in  1844,  living 
at  first  at  8,  Dover  Street,  Piccadilly,  and  afterwards  at  16,  George  Street,  Hanover 
Square.  He  quickly  attained  a  large  surgical  practice,  which  became  still  larger  after  the 
death  of  Robert  Liston  in  1847.  He  was  appointed  Surgeon  in  Ordinary  to  Prince  Consort 
in  1849,  Surgeon  Extraordinary  to  the  Queen  in  1855,  and  Serjeant  Surgeon  in  1867, 
having  received  a  baronetcy  in  Januar\-,  1866.  In  1861  he  was  elected — not  without 
strenuous  opposition — a  Member  of  the  Council  of  the  Royal  College  of  Surgeons  of  England ; 
but  he  was  soon  appreciated  at  his  proper  worth,  for  he  was  elected  a  Member  of  the 
Court  of  Examiners  in  1867,  and  after  serving  various  minor  offices,  was  chosen  President 
in  1870.  He  died  of  Bright's  disease  on  Jan.  10,  1877,  and  was  buried  at  West  Linton, 
near  Edinburgh,  leaving  two  sons.  Lady  Fergusson  haN-ing  predeceased  him. 

Whilst  he  was  still  living  in  Edinburgh,  Fergusson  became  strongly  imbued  with 
the  belief  that  it  was  often  possible  to  preserve  diseased  tissues  by  careful  operative 
procedure,  and  that  it  was  especially  desirable  to  do  so  in  cases  of  joint  disease, 
where  it  was  the  habit  of  his  colleagues  to  amputate.  In  this  he  followed  the  sound 
teaching  of  Jeffray  of  Glasgow,  Crampton  in  Dublin,  and  Roux  in  Paris.  By  precept  and 
example  he  soon  reduced  the  resection  or  excision  of  joints  to  a  system,  under  the  general 
title  of  '  conservative  surger\'.'  He  was  amongst  the  first  to  excise  the  upper  jaw  ;  in  1845 
he  revived  the  operation  of  excision  of  the  head  of  the  femur  ;  in  1847  he  performed  the 
operation  of  excision  of  the  scapula  ;  and  from  1850  onwards  he  excised  the  knee  as  a 
routine  procedure.  Of  excision  of  the  upper  or  lower  jaw,  he  says,  "  I  have  recommended 
the  sitting  posture  as  being  the  most  convenient,  for  the  blood  is  thus  permitted  to  escape 
by  the  mouth.  Sometimes  a  patient  will  faint,  and  must  then  be  laid  on  his  back — indeed, 
whether  or  not,  it  is  always  best  to  do  so  as  soon  as  the  disease  has  been  removed.  It 
has  often  happened  that  these  proceedings  have  been  retarded  by  sickness  and  vomiting  ; 
and,  considering  their  severity,  I  need  scarcely  point  out  the  propriety  of  having  wine  at 
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hand,  contained  in  a  vessel  (such  as  a  teapot)  with  a  spout  of  sullieient  length  to  permit  tlio 
ctmtents  being  poured  into  the  back  of  the  mouth." 

Operations  of  this  magnitude  upon  conscious  patients  could  only  be  luulertaken  by 
men  of  great  physical  strength  and  immense  dexterity,  and  it  was  in  these  two  ])oints 
that  Fergusson  and  Liston  excelled  their  colleagues,  though  the  operating  surgeons  in 
days  before  the  introduction  of  anaesthetics  were  always  large  and  powerful  men.  Yet, 
with  all  his  strength.  Fergusson  carried  out  to  perfection  the  delicate  operations  for 
hare-lip  and  cleft  palate.  Of  cleft  palate  he  writes,  "  I  need  scarcely  say  that  such  an 
operation  can  be  done  only  in  the  soft  palate  ;  but  should  the  fissure  extend  further  for- 
ward, as  it  often  does  more  especially  in  instances  of  hare-lip,  the  aperture  in  front  can 
be  afterwards  closed  with  an  artificial  plate.  Unless  the  patient  is  remarkably  steady  and 
determined  to  permit  the  operation  to  be  finished,  it  will  be  needless  to  attempt  it  ;  and 
as  such  fortitude  is  not  to  be  expected  before  the  age  of  puberty,  it  will  seldom  happen 
that  the  surgeon's  services  are  required  before  this  period.  Even  when  he  has  finished 
the  proceedings  in  a  most  satisfactory  manner,  he  must  not  be  over  sanguine  of  a 
fortunate  result.  Every  precaution  must  be  taken  to  prevent  movement  of  the  palate  ; 
the  patient  should  partake  of  a  meal  immediately  before  the  operation,  and  for  the  first 
two  days  should  only  swallow  a  little  liquid,  which  he  should  allow  to  pass  into  the 
pharynx  with  the  smallest  possible  drag  on  the  stitches  ;  at  other  times  he  should  not 
permit  the  saliva  even  to  pass  backwards.  The  stitches  should  be  carefully  cut  out  on 
the  second  or  third  day,  and  on  no  account  whatever  should  he  partake  of  solid  food 
until  all  risk  of  the  wound  tearing  open  has  passed  away."  From  such  small  beginnings, 
Fergusson  elaborated  a  complete  operation,  with  division  of  the  levator  palati,  and  closure 
of  the  hard  palate  by  osteotomy  of  the  roof  of  the  mouth. 

Throughout  his  life  Fergusson  showed  himself  a  first-rate  demonstrator  and  surgeon, 
but  never  a  good  lecturer.  He  was  an  excellent  colleague  and  true  friend,  ready  to  give 
credit  where  it  was  due,  and  free  from  the  envy  and  self-seeking  which  marred  the  characters 
of  too  many  of  his  generation.  His  name  came  early  into  public  notice  in  connection 
with  the  murders  committed  by  Burke  and  Hare  in  Edinburgh  at  the  end  of  the  year  1827. 
These  miscreants  murdered  their  victims  to  supply  the  anatomical  rooms  at  Edinburgh. 
Robert  Knox  was  willing  to  give  the  highest  price  for  subjects,  and  it  fell  to  the  lot  of 
Fergusson  as  one  of  the  chief  assistants  to  accept  the  bodies  thus  received.  He  shared 
this  duty  with  his  two  colleagues,  T.  W.  Jones  and  Alexander  Miller.  Feeling  ran  high ; 
Knox  and  his  assistants  were  roundly  abused,  and  were  threatened  with  personal  violence 
at  the  hands  of  the  mob.  In  the  end  the  assistants  escaped,  but  the  professional  career 
of  the  master  was  ruined. 

The  portrait  of  Sir  William  Fergusson  is  from  a  photograph  kindly  lent  by  Sir 
Berkeley  G.  A.  Moynihan,  K.C.M.G.,  C.B. 


SIR      WILLIAM      FERGUSSON. 

From  a  I'hotoifraph  in  the  posgettion  of  Sir  Beikehy  G.  A.  Moynihan,  K.C.M.G.,  C.B. 
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THE    PATHOLOGY    OF    GUNSHOT    WOUNDS    OF    THE    SPINE 

AND    SPINAL    COBD. 

Bv  Colonel  WILLIAM  THORBURN,  C.B.,  and  Major  GEORGE  RICHARDSON,  R.A.M.C. 

Until  the  outbreak  of  the  present  war,  our  knowledge  of  the  pathology  of  fractures  and 
allied  injuries  of  the  spine  was  practically  confined  to  that  of  simple  fractures  or  'fracture- 
dislocations'  produced  by  the  ordinary  injuries  of  civil  life,  the  most  common  form,  and 
that  which  has  been  most  fully  investigated,  being  the  type  due  to  over-flexion  of  the 
whole  back.  Other  injuries  were  in  peace  time  regarded  as  unclassified  rarities,  and 
even  in  the  wars  of  the  last  quarter  of  a  century'  we  know  of  no  collection  of  pathological 
material  illustrative  of  gimshot  wounds.  To  a  large  extent  our  knowledge  of  fractures 
in  general  has  been  extended  and  modified  during  the  last  four  years  ;  but  it  can  hardly 
be  said  that  this  applies  to  the  spine,  its  investigation  having  been  retarded  by  two  main 
factors,  the  difficulty  of  obtaining  satisfactory  skiagrams,  and  the  overshadowing  of  the 
bony  lesion  by  the  serious  nature  of  the  resulting  visceral  injury. 

Under  these  circumstances  it  has  appeared  to  us  that  it  might  not  be  without  value 
to  collect  and  compare  a  number  of  cases  which  we  have  investigated.  The  material  at 
our  disposal  consists  of  post-mortem  specimens  prepared  by  one  of  us  in  a  base  hospital 
in  France,  and  of  operative  findings  by  another  of  us  in  various  theatres  of  war.  The  two 
series  of  cases  are  mutually  illustrative,  and  although  the  exigencies  of  military  service 
have  rendered  many  of  our  notes  verj*  incomplete,  and  led  to  the  loss  of  many  records, 
we  have  endeavoured  to  give  at  least  the  outlines  of  a  picture  which  may  be  filled  in  by 
others.  The  dried  specimens  to  which  reference  will  be  made  and  which  are  here  illus- 
trated, have  all  been  forwarded  to  the  Museum  of  the  Royal  College  of  Surgeons  of  England. 

In  considering  the  conclusions  arrived  at,  a  few  reservations  must  be  made.  The 
experience  of  the  individual  in  war  time  is  determined  by  his  position  in  the  war  area,  and 
may  differ  widely  with  his  proximity  to  the  front  or  to  the  base.  All  our  observations 
have  been  made  at  advanced  bases,  the  majority  in  a  French  seaport,  others  in  Salonika, 
Mudros,  or  Malta,  and  a  very  few,  during  the  early  p)eriod  of  the  war,  in  England.  In 
effect,  this  implies  that  we  have  seen  little  of  the  most  serious  cases,  which  die  before 
reaching  the  base,  and  even  less  of  the  least  serious  cases,  which  have  been  evacuated 
to  England.  Again,  the  actual  conditions  of  warfare  greatly  modify  the  nature  and 
frequency  of  the  wounds  produced.  During  the  last  seven  months  of  open  warfare  in  France 
we  have  seen  a  far  larger  proportion  of  injuries  to  the  spinal  cord  than  in  the  earlier  days — • 
a  fact  due  partly,  perhaps,  to  the  absence  of  cover,  and  possibly  also  to  the  large  propor- 
tion of  rifle  or  machine-gun  bullet  wounds  as  compared  with  wounds  from  shells  or  bombs. 
It  is  at  least  probable  that  a  great  proportion  of  shell  wounds  of  the  spine  never  reached 
base  hospitals.  With  regard  to  operative  findings,  it  is  also  to  be  noted  that  as  opera- 
tions were  performed  in  a  very  limited  number  of  selected  cases,  they  are  in  no  sense 
illustrative  of  the  comparative  frequency  of  the  lesions  found. 

On  aU  these  grounds  we  have  thought  it  useless  to  attempt  any  estimate  of  the  relative 
frequency  of  various  types  of  wound,  and  we  shall  confine  ourselves  to  a  record  of  cases, 
dealing  principally  with  injuries  to  the  bones. 

INJURIES     TO     THE     VERTEBRvE. 

Certain  general  characteristics  are  at  once  apparent.  While  in  civil  life  by  far  the 
most  common  injurj'  of  the  spine  is  a  fracture  of  one  or  more  vertebral  bodies,  with  dis- 
placement of  the  whole  column,  generally  in  the  direction  of  flexion,  our  specimens  show 
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very  few  in  which  the  central  mass  is  seriously  involved,  and  none  in  which  any  an|rular 
curvature  was  or  could  have  been  produced.  It  must  not,  however,  be  concluded  that 
direct  impact  upon  the  bodies  of  the  vertebra;  is  as  imcommon  as  here  appears.  Sucli 
direct  im})act  will  usually  imply  a  coincident  injury  of  thoracic  or  abdominal  organs,  and 
these  cases  would  be  little  likely  to  arrive  even  in  casualty  clearing  stations. 

Another  point  which  immediately  attracts  our  attention  is  the  wide  distribution  of 
fractures  throughout  several  vertebrae,  and  the  frequent  presence  of  what  we  may  call 
'remote  fractures' — of  cracks  and  fissures  well  removed  from  the  point  of  impact.  Many 
of  these  remote  fractures  may  be  due  to  the  general  disruptive  or  divulsive  action  of  gun- 
shot wounds  as  seen  in  other  regions  ;  but  many  are  probably  due  to  the  wrenching  away 
of  bony  prominences  by  the  strong  ligaments  attached  to  them.  In  this  way  a  powerful 
impact  upon  a  single  spinous  process  may  blow  it  away,  and  carry  in  its  course  ligaments 
which,  instead  of  themselves  tearing,  will  wrench  off  fragments  from  their  distal  bony 
attachments.  Hence  we  constantly  find  remote  cracks  and  fissures  such  as  are  hardly 
met  with  in  other  regions  of  the  body.  The  same  tendency  is  shown  in  the  remote  frac- 
tures of  spinous  processes  and  lamina;  accompanying  ordinary  'fracture-dislocations,' 
and  these  widespread  effects  are  almost  characteristic  of  injuries  to  the  spine. 

We  also  note,  as  was  to  be  expected,  two  types  of  fracture,  often  seen  in  different  parts 
of  the  same  specimen.  On  the  one  hand,  we  meet  with  abrasion,  crushing,  and  perforation 
in  areas  subject  to  direct  impact  ;  in  many  such  cases  bone  is  entirely  pulverized  and 
destroyed,  the  destruction  being  very  marked  in  the  case  of  the  loose  cancellous  tissue  of 
the  bodies  and  lateral  masses.  On  the  other  hand,  we  find  clean  cracks  and  fissures,  often 
with  little  or  no  displacement  of  fragments,  although  it  is  practically  certain  that  there 
has  been  at  least  a  temporary  displacement,  associated  with  that  recoil  which  is  so  marked 
a  characteristic  of  spinal  injuries,  and  which  renders  the  visible  osseous  lesion  little  indica- 
tive of  the  seriousness  of  the  crush  inflicted  upon  subjacent  nervous  structures. 

In  connection  with  cracks  and  fissures,  we  may  also  note  that,  as  each  vertebra  con- 
stitutes a  bony  ring,  a  fracture  at  any  one  point  tends  to  be  associated  with  a  second  frac- 
ture which  will  roughly  lie  diagonally  opposite  to  it.  It  is  thus  rare  to  find  a  crack  of  one 
lamina  only,  although  outlying  processes  may  be  detached  by  single  fissures.  It  is  also 
not  very  common  for  cracks  and  fissures  to  extend  through  the  strongly-built  pedicles  ; 
injuries  which  might  have  produced  such  lesions  expend  their  impact  upon  the  loose 
cancellous  tissue  of  the  vertebral  body  near  the  seat  of  origin  of  the  pedicle  ;  thus  we 
have  a  'seat  of  election,'  the  pedicle  being  wrenched  away  just  below  its  base  rather 
than  split  through  its  compact  bony  tissue  (see  Figs.  412,  415,  and  417). 

In  connection  with  the  osseous  lesions,  we  may  also  note  one  or  two  jjoints  with  regard 
to  the  lodgement  of  foreign  bodies.  In  many  cases  these  have  completely  transfixed  the 
spine,  and  either  lodged  in  remote  parts  or  passed  out  through  an  exit  wound.  Skiagraphy 
is  here  of  value  in  diagnosis,  as  the  track  of  the  missile  can  often  be  traced  by  bright  spots 
due  to  minute  fragments  of  metal  left  in  its  passage  through  the  bone,  and  thus  we  can 
detect  spinal  injuries  not  otherwise  recognizable  during  life. 

Apart  from  such  minute  particles,  impaction  of  metal  fragments  is  not  common  in 
the  arches  and  processes  of  the  spine,  but  usually  occurs  in  the  bodies  of  the  vertebrae  or 
inside  the  vertebral  canal.  So  far  as  the  dense,  brittle,  and  rounded  processes  are  con- 
cerned, it  is  obvious  they  do  not  lend  themselves  to  impaction,  unless,  as  in  Ca,se  17  (Fig. 
425),  the  fragment  be  of  sufficient  size  and  low  enough  velocity  to  become  engaged  between 
several  processes.  On  the  other  hand,  we  have  seen  a  good  many  cases  of  impaction, 
especially  of  shrapnel  bullets,  in  the  posterior  part  of  the  vertebral  bodies.  Figs.  410  and 
411  are  illustrative,  and  others  have  been  met  with  at  operation.  In  some  of  these  the 
bullet  has  apparently  passed  between  the  lamina;  without  producing  any  fracture  thereof. 
Lodgement  in  the  vertebral  canal  has  been  met  with  rather  frequently  at  operation  ; 
but  naturally  such  frequency  is  much  influenced  by  the  selection  of  cases.  It  is  imjjortant 
in  this  connection  to  remember  that  a  round  smooth  object  like  a  shrapnel  bullet  may 
descend  the  canal.  This  is  clearly  shown  in  Case  5  (Fig.  412  a  and  b).  In  another  case 
one  of  us  removed  a  bullet  from  the  lumbar  canal  which  had  twice  previously  been  sought 
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for  at  too  high  a  level  ;  and  we  know  of  an  instance  in  which  an  attempt  to  remove  a  bullet 
from  the  level  of  the  first  cervical  vertebra  resulted  in  its  slipping  downwards  to  the  third. 
In  all  the  cases  which  we  have  met  with  the  bullet  has  slipped  down  inside  the  theca.  and 
not  between  the  theca  and  the  bone. 

On  passing  to  the  detailed  examination  of  our  specimens,  we  have  found  considerable 
difficulty  in  making  any  useful  classification  into  groups  ;  but  we  think  that  they  may  be 
regarded  as  falling  under  two  main  headings — viz.,  those  in  which  the  missile  has 
impinged  upon  the  spine  at  something  approaching  to  a  right  angle,  and  those  in 
which  it  has  inclined  to  glance  along  or  across  the  line  of  the  vertebral  column.  Although 
recognizing  that  such  distinction  must  be  somewhat  arbitrary,  we  shall  therefore  speak 
of  (1)  Fractures  by  direct  impact,  and  (2)  Tangential  fractures. 

We  shall  then  find  that  fractures  due  to  direct  impact  are  divisible  into  those  in  which 
the  missile  has  lodged  in  the  spine,  and  those  in  which  it  has  perforated  and  passed  beyond 
it;  while  the  "tangential"  fractures  are  again  roughly  divisible  into  those  in  which  the 
wound  runs  along  or  parallel  to  the  vertebral  column,  and  those  in  which  it  tends  to 
cross  it  at  a  wide  angle. 


la.  Cases  of  Fracture  by  Direct  Impact,  with  Retention  of  the  Missile  in  the  Spine. 

—These  vary  from  injuries  which  are  almost  trivial,  so  far  as  the  bones  are  concerned,  to 
those  in  which  the  damage  is  extreme ;  there  being  no  necessary  relation  between  the 
severity  of  the  fracture  and  that  of  the  injury-  to  the  cord. 

Case  1  is  an  example  of  a  perforating  injury  which  is  of  the  slightest  possible  extent. 
The  patient  died  twenty-five  days  after  injury.  The  right  5th  cervical  lamina  presented 
a  minute  puncture.  Beneath  this  was  a  small  healed  opening  in  the  theca,  which  was 
here  adherent  to  the  spinal  cord.  At  a  slightly  higher  level,  and  l>ing  under  the  4th 
cervical  lamina,  a  spicule  of  bone  was  embedded 
in  the  posterior  fibres  of  the  spinal  cord,  which 
were  in  part  divided  ;  while  still  higher  a  minute 
fragment  of  metal  was  embedded  in  the  left  side 
of  the  theca.  The  sp>ecimen  from  this  case,  to 
which  we  shall  refer  later,  is  in  the  College  of 
Surgeons  War  Museum,  and  is  not  at  present 
accessible  to  us. 

In  Case  2  {Fig.  409)  we  find  a  similar  con- 
dition of  slight  bony  injury  with  severe  damage 
to  the  spinal  cord.  A  fragment  of  metal  about 
the  size  of  a  dried  pea  has  impinged  on  the 
upper   margin    of  the    right    5th    cervical    arch, 

where  it  remains  lodged,  making  an  aperture  which  will  scarcely  admit  a  lead  pencil,  but 

dri\ing  forward  into  the  vertebral  canal  a  fragment 
of  bone  half  an  inch  long,  which  pierced  the  theca 
and  partially  divided  the  spinal  cord. 

Case  3  (Fig.  410)  illustrates  a  condition  which  we 
have  seen  more  often  u|x>n  the  operating  table.  A 
piece  of  metal  has  passed  between  the  1st  and  2nd 
lumbar  arches,  and  lies  embedded  in  the  middle  line 
of  the  body  of  the  2nd  lumbar  vertebra.  Before 
entering,  it  has  slightly  abraded  the  tip  of  the  2nd 
lumbar  spinous  process,  and  has  caused  an  incom- 
plete crack  at  its  base  ;  but,  as  in  several  cases  of  this 
tv^jjc,  there  is  no  substantial  injury  of  the  laminae,  and 
operation  would  not  have  shown  any  fracture. 

Fig.  no.— Cate  3.    Metal  embedded  in  An  example  of  impaction  of  a  rifle  bullet,  wliich 

body  of   2nd   lambar  vertebra.     Incomplete  ^i_i  .l  .i.^j>l  i 

fracture  at  base  of  spinous  process.  appears  to  be  Icss  common  than  that  of  shrapnel  or 


Fig.  409. — Com  2.  The  4th  and  5th  cervical 
vertebrae.  The  5th  (right)  shows  fragment  of  metal 
i«  situ  ;   the  4th  (left)  the  depres^d  spicule  of  Ijone. 
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of  irrejiular  frafimcnts,  is  seen  in  Cose  4  {Fig-  411),  in  which  the  patient  survived  for  a 
month,  (lying  eventually  from  pneumonia  and  empyema.  In  the  posterior  i)art  of  the 
7th  dorsal  vertebra  is  jammed  the  casing  and  part  of  the  contents  of  a  rifle  bullet,  the 
metal  occupying  the  anterior  half  of  the  vertebral  canal.     Some  fragments  had  entered 

the  right  lung  and  emerged  through  the  right 
axiUary  line.  The  bidlet  appears  to  have  entered 
the  base  of  the  spinous  ])rocess  on  the  left  side, 
causing  only  very  slight  destruction  of  bone  ;  but 
a  clean  crack  runs  through  the  left  upper  articular 
l)rocess  and  the  base  of  the  right  pedicle,  so  that 
almost  the  whole  of  the  bony  arch  was  detached, 
but  left  in  siUi. 


Case  5  {Fig.  4.12, «  and  6)  shows  equally  through 
liow  small  an  aperture  the  vertebral  canal  is  often 
|)erforated.  A  shrapnel  bullet  has  slightlj^  grooved 
the  left  pedicle  of  the  3rd  dorsal  vertebra,  causing 
a  crack  which  runs  down  just  in  front  of  the 
junction  of  this  i)edicle  with  the  body.  Crossing 
the  vertebral  canal,  the  bullet  has  then  impinged 
upon  and  slightly  abraded  the  right  lamina,  from 
which,  rebounding,  it  has  fallen  into  the  canal. 
The  theca  was  penetrated  at  the  point  of  entrance 
on  the  left  side,  but  not  at  the  point  of  recoil  on 
the  right  side.  The  bullet  thus  lay  inside  the  thecal  canal,  and  had  fallen  downward  an 
inch  and  a  half  from  its  point  of  entry.  The  cord  shows  two  points  of  crushing  (Fig.  412,  a), 
one  at  the  point  of  entry,  and  the  other  about  a  quarter  of  an  inch  lower  down  at 
the  point  of  reflection. 


Fig.  ill.— Case  4.  Portions  of  rifle  bullet  eni- 
beOded  in  body  of  7th  dorsal  vertebra.  The  lead 
core  is  in  the  centre,  with  portions  of  casing  on  each 
side. 


riG.  4)2  (/»,  h). —  Case  5.  (a)  The  3rd  dorsal  vertebra.  Point  of  entry  of  bullet  is  seen  at  left  pedicle  ;  point  of 
impact  was  at  opposite  side.  (6)  Shows  the  theca  and  cord ;  a  shrapnel  bullet  is  seen  low  down  on  the  left  side.  (E)  Point 
of  entry.     (|>  Point  of  impact. 


Case  6  (Fig.  413,  a  and  b)  is  in  strong  contrast  with  the  above.  The  wound,  due  to 
an  expanding  rifle  bullet,  has  been  received  over  the  3rd  lumbar  vertebra.  The  spinous 
process  and  laminte  of  that  vertebra  are  completely  pulverized,  and  its  right  transverse 
process  is  blown  away  ;  large  splashes  of  lead  occupy  the  bony  masses  of  the  superior  and 
inferior  articular  processes  on  the  right  side.     Another  piece  of  lead  and  part  of  the  casing 
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lie  in  the  back  ot  the  body  of  the  vertebra.     This  specimen  presents  also  numerous  remote 
bone  injuries.     Extensive  cracks  separate  two  large  pieces  from  the  spinous  process  and 


yiG.  413  (o,  6). — Com  6.    (a)  Lumbar  spine.      ExtensiTC  bony  damase  and  scattered  fragments  of  metal, 
(ft)  Is  a  lateral  view  showing  extent  of  bony  damage. 

articular  process  of  the  2nd  lumbar  vertebra,  and  a  crack  runs  through  the  base  of  the 
left  pedicle  «f  the  3rd.  The  spinous  processes  of  the  4th  and  5th,  and  the  upper  articular 
process  of  the  -Ith,  are  detached.  So  extensive  an  injur\' 
can  hardly  have  been  due  to  direct  impact,  even  by  frag- 
ments of  an  expanding  bullet,  and  the  result  is  probably 
due  to  impact  upon  the  strong  spinal  ligaments,  which 
have  torn  away  outlving  processes  above  and  below  the 
seat  of  impact. 

16.  Cases  of  Fracture  by  Direct  Impact,  with  Com- 
plete Perforation  of  the  Spine. — These  resemble  the 
previous  group  in  the  great  variations  in  the  severity  of 
the  injury.  In  some  this  is  extraordinarily  slight,  and 
would  hardly  seem  commensurate  with  the  severe  effect 
produced  ;  in  others  there  is  much  bony  damage,  which 
again  may  be  localized  to  the  region  of  direct  impact,  or 
may  be  associated  with  cracks  and  Assures  at  a  distance 
therefrom. 

Case  7  (Fig.  414)  is  illustrative  of  the  slightest  form 
of  bony  lesion.  The  patient  was  admitted  to  hospital  in 
a  dying  condition,  with  a  much-distended  abdomen  and  a 
lodging  wound  with  gas  gangrene  of  the  right  thigh  and 
buttock.      Xo    spinal    injury    was   suspected,    but    death  ^  Frac^o?5tV kn mh ''^^*' 
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Fig.  415. — Caw  8.  Showing  point  of 
exit  of  shrapnel  bullet  through  pedicle  and 
bo<lv  of  loth  dorsal  vertebra. 


occurred  within  an  hour  of  admission.  At  the  post-mortem  examination,  the  distention 
of  the  intestines  and  bladder  without  any  sijjns  of  inflammation  led  to  a  eareful  examin- 
ation of  the  spine.  There  was  found  a  minute  pene- 
tratinfj  wound,  with  entrance  behind  the  left  sterno- 
mastoid  muscle,  and  exit  on  the  right  side  at  the 
same  level.  On  laying  this  open  there  was  exposed 
a  fracture  of  the  left  arches  of  the  5th  and  (ith  cervi- 
cal vertebrae,  with  no  displacement  of  bone,  although 
fragments  as  shown  in  Fig.  414  were  separable  after 
maceration.  Around  the  untorn  theca  was  some 
blood-clot,  and  the  spinal  cord  showed  a  central 
haemorrhage.  It  is  clear  that  we  have  here  a  case  in 
which  the  two  small  bony  fragments  were  moment- 
arily displaced,  but  recoiled  to  their  original  position. 
It  is,  however,  very  doubtful  whether  this  case 
should  be  regarded  as  having  arisen  from  a  direct 
impact  or  from  a  tangential  blow. 

Case  8  {Fig.  415)  illustrates  a  more  common  con- 
dition, in  which  the  wound  has  passed  directly 
through  the  spine.  A  shrapnel  bullet  entering  the 
right  loin,  and  coming  to  rest  below  the  left  kidney, 
has  passed  through  the  right  10th  and  11th  dorsal 
articular  processes,  and  outwards  through  the  pedicle 
of  the  10th  dorsal  vertebra.  The  holes  of  entry  and 
of  exit  are  very  cleanly  drilled  through  the  soft  bone 
here  encountered,  but  there  is  a  crack  through  the 
right  10th  dorsal  pedicle  and  through  the  remains  of 
that  of  the  left  side,  so  that  the  entire  bony  arch  of 

the  injured  vertebra  was  separable,  although  retained  in  position.     The  theca  and  spinal 

cord  were  completely  cut  across. 

Closely  similar  is  Case  9  {Fig.  416),  in  which  a  rifle 
bullet  passed  from  the  right  side  of  the  neck  through 
the  4th  and  5th  dorsal  vertebrae  and  left  scapula. 
Impact  has  here  occurred  on  the  right  side  of  the  body 
of  the  4th  dorsal  vertebra,  of  which  part  is  pulverized, 
while  the  left  half  of  the  5th  dorsal  vertebra,  with  its 
pedicle,  and  the  transverse  process  of  the  6th,  are  also 
lost.  There  is  a  long  crack,  without  displacement, 
through  the  spine  of  the  5th.  The  theca  would  clearly 
lie  away  from  the  track  of  the  bullet,  but  it  presented 
a  small  tear  behind  the  5th  cervical  vertebra,  and  the 
spinal  cord  was  diffluent  over  a  wide  area. 

The  two  following  cases  differ  from  those  already 
described,  in  that  the  wounds  inflicted  are  less  sharply 
drilled  through  the  bones  and  are  associated  with  more 
extensive  splintering. 

In  Case  10  {Fig.  417),  the  missile,  of  which  the 
nature  is  imknown,  had  passed  through  the  right  lung 
and  the  liver,  impinging  on  the  body  of  the  11th 
dorsal  vertebra.  It  here  passed  through  the  front  of 
the  right  lamina  ;  but  instead  of  completely  pulveriz- 
ing the  soft  bone,  it  has   blown  out  two  more  or  less 

triangular  fragments.      It  then  destroyed  the  left  arch.     Subsidiary  cracks   involve  the 
spinous  process  of  the  11th  dorsal  vertebra,  the  superior  articular  process  of  the    12th, 


KlCi.  410. — Canf  il.     Destruction  and  loss 
of  substance  of  body  of  5th  dorsal  vertebra. 
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and  the  'seat  of  election*  in  front  of  the  right 
lamina  of  the  latter,  all  of  which  are  probably  due 
to  the  indirect  impact  from  the  vertebra  above. 

Still  more  marked  is  the  extensive  fracture  in 
Case  11.  A  rifle  bullet,  passing  through  the  apex 
of  the  right  lung  and  the  trachea,  has  jjenetrated 
the  bodies  of  the  2nd  and  3rd  dorsal  vertebra?, 
passed  on  between  the  3rd  and  4th,  and  made 
its  exit  a  little  to  the  left  of  the  4th  dorsal  spine. 
The  extensive  secondary  injuries  are  best  appre- 
ciated from  the  annexed  photograph  (Fig.  418,  n 
and  b). 

Looked  at  from  the  front,  we  see  :  (1)  Three 
large  separated  fragments  of  the  2nd  dorsal  body, 
with  a  hole  between  them ;  (2)  A  similar  condition 
of  the  3rd  dorsal  vertebra ;  (3)  A  vertical  split 
down  the  centre  of  the  lx)dy  of  the  4th  dorsal. 
From  behind,  we  see  that  the  bullet  in  its  descending 
course  has  spared  the  laminae  and  spine  of  the  2nd 
dorsal,  but  has  blown  away  the  spine  and  fractured 
both  arches  of  the  3rd.  It  has  also  broken  three 
large  fragments  of  the  left  lamina,  the  arch,  and 
the  spine  of  the  4th  dorsal  vertebra. 


Fig.  417. — Ca.i,  lip.  Kracture  of  body 
of  11th  dorsal  vertebra,  and  fracture  of  12th 
dorsal  at  '  seat  of  election." 


Klii.  418  (a,  6). —  Case  11.     (a"»  Shows  the  entry  wound  at  the  bodies  of  the  2nd  and  3rd  dorsal  vertebrae. 
(6)  Shows  the  exit  wound,  involvin-^  chiefly  the  3rd  dosal  vertebra. 


2.  Cases  in  whlcli  there  has  been  a  Tangential  Blow  upon  the  Spine,  and  in  which 
the  Vertebral  Canal  is,  as  a  rule,  not  penetrated,  either  by  the  Missile  or  by 
Fragments  of  Bone. 

Case  12  {Fig.  419)  is  an  example  of  the  slightest  degree  of  this  type  of  injury.  The 
patient  was  admitted  with  paraplegia  and  anaesthesia  extending  upwards  to  about  mid- 
way between  the  pubes  and  the  umbilicus,  and  with  abdominal  symptoms  for  which 
a   laparotomy  w^as   performed.     The   abdomen  contained   a  quantity   of  blood,  and  the 
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intestines  were  distended.  The  patient  became  so  collapsed  that  the  operation  was  not 
completed,  and  death  occurred  very  shortly  afterwards.  The  autopsy  showed  that  a 
nmchinc-jjun  bullet  had  entered  to  the  left  of  the  lumbar  spine,  and  come  to  rest  in  the 
ri^ht  lobe  of  the  liver.  The  left  inferior  articular  process  and  the  spinous  process  of  the 
11th  dorsal  vertebra  had  been  carried  away.  The  theca  was  uninjured,  but  at  the  level 
of  impact  the  spinal  cord  was  so  nuich  destroyed  and  thiimcd  as  to  he  almost  divided. 

Case  13  (Fig.  420)  is  a  more  severe  example 
of  a  similar  condition.  A  rifle  bullet  had  entered 
the  back  of  the  neck  on  the   left  side,  and  was 


Fig.  419.— Ca.»e  12.  Slight  injury 
to  spinous  and  to  left  inferior  articular 
processes  of  11th  dorsal  vertebra. 


FIO.  420. — Case  13.     Injury  to  right  side 
of  3rd  cervical  vertebra. 


resting  subcutaneously  on  the  right  side  of  the  neck,  having  struck  the  3rd  cervical 
vertebra  in  its  passage.  The  2nd  and  4th  cervical  vertebrae  are  quite  uninjured.  As 
regards  the  3rd,  the  spinous  process,  with  the  lower  margin  of  the  left  lamina,  the  lower 
right  articular  process,  and  the  right  transverse  process,  are  all  blown  away.  There  is 
no  narrowing  of  the  vertebral  canal,  and  no  loose  bony  fragments  were  found  therein  : 
but  the  theca  was  widely  torn  and  the  spinal  cord  crushed  at  the  site  of  the  lesion. 

The  two  following  cases  differ  in  that  the  tangential  blow  has  taken  a  vertical  rather 
than  a  horizontal  direction. 

Case  14  {Fig.  421)  was  admitted  with  a  wound  over  the  left  shoulder,  and  presented 
a  metal  fragment  lying  opposite  the  middle  of  the  left  sternomastoid  muscle.  From  the 
left  transverse  process  of  the  6th  cervical  vertebra  has  been  blown  away  a  small  fragment^ 
of  bone,  opening  the  foramen  for  the  vertebral  artery.  The  5th  cervical  vertebra  shows 
a  more  extensive  destruction,  due  to  several  clean  cracks  involving  the  bulk  of  the 
lateral  mass.  In  the  4th  vertebra,  the  lower  articular  process  is  blown  away.  In  the 
3rd,  the  lateral  bony  ma.ss  is  completely  detached  by  clean  fissures,  but  is  not  displaced  : 
in  this  vertebra  there  is  also  a  clean  fracture  through  the  right  lamina.  There  was  a  small 
amount  of  blood-clot  around  the  theca,  but  the  latter  and  the  spinal  cord  showed  no 
macroscopic  change,  although,  as  we  shall  see  hereafter,  there  was  a  ha;matomyelia  at  tlu 
seat  of  injury  {Fig.  422). 

Case  15  {Fig.  423)  is  also  an  example  of  an  extensive  glancing  blow.  The  missile- 
entered  above  the  middle  of  the  posterior  border  of  the  right  sternomastoid  muscle,  and 
escaped  from  the  left  side  through  the  outer  end  of  the  supraspinous  fossa  of  the  scaj)uln. 
Five  vertebrae  are  affected,  as  follows  :  In  the  5th  cervical  there  is  a  separation  of  the 
spinous  proces.s,  and  a  small  crack  in  the  right  transverse  process.     In  the  6th  cervical 
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the  spinous  process  is  destroyed  down  to  its  base,  while  there  is  a  small  crack  in  the  right 
lamina.     The  7th  cervical  shows  still  more  complete  destruction  of  the  spinous  process 


TlO.  422. — Ca-se  14.     Section  showing  area  of  maximum 
hemorrhage. 

and  of  the  inner  a.spect  of  the  lamina.  The  1st 
dorsal  has  a  long  horizontal  crack  across  the 
lamina,  so  that  a  large  part  of  the  right  lamina, 
with  the   spinous  process,  is  separated,  although 


Fig.  Ail.— Case  14.  Injury  to  3rd,  4th,  5tli. 
and  6th  cervical  vertebne.  The  injury  to  the 
spinous  process  of  the  7th  is  an  artefact. 


not  displaced.  Finally,  the  2nd  dorsal  vertebra 
presents  a  fracture  through  the  outer  end  of  the  left 
lamina.  The  oblique  track  of  the  missile  is  thus 
clearly  shown,  the  main  impact  having  occurred, 
about  the  ba.se  of  the  7th  cervical  spinous  process, 
where  a  small  fragment  of  metal  is  embedded.  At 
this  point  minute  fragments  of  bone  had  been 
driven  inwards  and  had  lacerated  the  spinal  cord. 

In  Case  16  (Fig.  424,  a  and  6),  although,  as 
stated  in  the  post-mortem  notes,  "'  the  vertebral 
column  was  almost  completely  divided  and  the  cord 
cut  across,"  it  is  probable  that  the  spine  was  not 
directly  struck,  but  that  the  fractures  were  pro- 
duced by  the  carrying  away  of  the  soft  parts,  this 
causing  the  tearing  off  of  portions  of  the  vertebrae 
and  rotation  of  the  whole  spine.  The  wound  was  a 
large,  deep  laceration,  running  across  the  upper 
and  middle  dorsal  regions.  The  right  lung  was 
lacerated.  The  body  of  the  3rd  dorsal  vertebra 
presented  a  complete  vertical  split  through  its 
centre,  and  this  sagittal  crack  is  associated  with 
another  one  at  the  opposite  pole  of  the  vertebral 
ring,  running  through  the  right  lamina,  and  thus 
dividing  the  whole  bone  into  two  almost  equal 
halves.  The  vertebra  above  shows  some,  tearing 
away  of  bone  from  the  left  transverse  process  and 
the  under  part  of  the   spinous   process,   while   the 


Fig.  423. — C(ue  15.     Cervico-dorsal  spine. 
Very  extensive  bony  damage. 
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vertebra  beneath  shows  eracks  in  the  ri<;ht  transverse  process  where  the  spine  of  tlie  IJnl 
dorsal  vertebra  has  inipinjied  in  the  course  of  its  violent  rotation.     It  is  noticeable  that, 

althoufrh  the  extent 
of  lissurinji;  is  here 
nnich  less  than  in 
many  of  our  cases, 
this  is  the  only  in- 
stance in  which  the 
continuity  of  the 
vertebral  column  was 
interrupted.  The 
heavy  lateral  blow 
has  })roduced  rota- 
tion of  a  vertebra 
and  tearing  of  the 
intervertebral  discs, 
but  is  associated  with 
comparatively  little 
injury  to  the  outlying 
processes,  and  with 
most  severe  crushing 
of  the  spinal  cord  ; 
it  thus  recalls  the 
effects  of  fracture- 
dislocation  as  ordin- 
arily seen  in  civil 
practice,  and  the  re- 
sults have  been  pro- 
duced   bv    the    same 


Fig.  424  (a,  b).~Case  16.     (a)  Vertical  split  of  body  of  3rd  dorsal  vertebra.     (*)  Is  a 
reverse  view,  showinir  fairly  extensive  Assuring. 


nia.ssive  force  exerted  indirectly  through  the  soft  parts. 

Case  17  {Fig.  425)  shows  an  unusual  form  of  injury  to  the  spine,  in  which  the  contents 

of  the  vertebral  canal  were  almost  uninjured,  but 
death  was  due  to  haemorrhage  from  the  vertebral 
artery.  The  patient  was  admitted  with  a  wound  of 
the  left  cheek,  from  which  free  oozing  of  blood  was 
controlled  by  packing.     He  also  complained  of  some 


Fi9-  425. 


-CoKe  17.  ^Cervical  spine. 
Metal  in  *ilu. 


FlO.  426. — Case  17.     Section  of  spinal  cord  wiUi  \  try  ]o<alizfd 
haemorrhage  in  left  posterior  cornu. 
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tingling  in  the  left  arm,  but  no  other  symptoms  were  noted.  A  week  later  there  was  sudden 
violent  bleeding  from  the  mouth,  and  death  ensued  in  fifteen  minutes.  At  the  autopsy 
was  found  a  metal  fragment  about  the  size  of  a  large  hazel-nut  which,  having  perforated 
the  lower  jaw  just  in  front  of  its  angle  and  passed  downwards  and  inwards  through  the 
root  of  the  tongue,  had  come  to  rest  in  front  of  the  4th  and  5th  cervical  vertebrae.  The 
vertebral  foramen  of  the  4th  vertebra  was  laid  open  (see  Fig.  425),  and  the  transverse 
process  cracked  across.  The  5th  cervical  showed  a  crack  in  front  of  the  pedicle  involving 
the  body  (seat  of  election),  and  cracks,  without  displacement,  of  both  laminae.  The 
vertebral  artery  was  ulcerated  through  at  the  level  of  the  4th  cervical.  The  theca  showed 
no  abnormality,  but  in  the  spinal  cord  there  was  a  minute  haemorrhage,  smaller  than  a 
pin's  head,  occupying  the  left  posterior  horn  {Fig.  426). 


INJURIES     TO     THE     THECA     SPINALIS. 

But  little  remains  to  be  added  to  the  remarks  already  made  upon  the  condition  of 
the  spinal  meninges  in  the  above  cases.  It  is  throughout  noticeable  that,  unless  subject 
to  direct  impact  of  missiles  or  of  bony  fragments,  the  membranes  are  untorn  even  in  cases 
in  which  the  spinal  cord  is  fatally  injured — a  condition  quite  analogous  with  what  is  found 
in  the  injuries  of  civil  life.  Tears  in  the  theca,  when  present,  show  little  or  no  tendency 
to  retraction  of  their  edges,  and,  just  as  in  operations  this  membrane  is  most  easily  closed. 
so  in  injuries  it  seldom  presents  any  large  aperture.  It  is  probably  for  this  reason  that 
the  escape  of  cerebrospinal  fluid  from  wounds  is  ver\-  rarely  noted.  Such  escape  often 
follows  operations  or  accidental  stabs  and  incised  wounds  ;  but  the  swelling  or  displace- 
ment of  parts  in  a  gunshot  wound  appears  to  be  quite  sufficient  to  arrest  it,  the  arrest 
being  doubtless  also  due  in  part  to  adhesion  of  the  membranes  to  the  cord,  a  condition 
rarely  if  ever  seen  in  aseptic  injuries,  but  noticed  in  several  of  our  cases.  As  is  well  known, 
the  spinal  dura  mater,  like  that  of  the  brain,  is  peculiarly  resistant  to  infection  from 
without,  and  meningitis  was  never  met  with  except  when  there  was  gross  perforation  of 
the  theca,  and  generally  in  the  presence  of  a  foreign  body.  Hjemorrhage  around  the 
theca  is  common,  and  in  cases  of  late  date  we  have  several  times  found  at  operation  a 
considerable  amount  of  perithecal  cicatrix,  which  appears  to  be  capable  of  exercising 
pressure  upon  the  subjacent  cord.  On  the  other  hand,  we  have  not  met  with  any  substan- 
tial haemorrhage  within  the  theca,  although  there  can  be  little  doubt  that  it  occasionally 
occurs.  Xo  operations  upon  old-standing  cases  have  shown  adhesions  between  the  cord 
and  its  membranes. 

INJURIES     OF     THE     SPINAL     CORD. 

We  have  already  seen  how  seriously  the  cord  may  be  injured  even  when  the  osseous 
lesion  is  of  only  slight  degree  or  has  been  associated  with  immediate  recoil  of  any 
displacement  (Cases  1,  2,  7,  17,  and  14),  and  the  following  are  further  examples  of  the 
same  condition. 

Case  18  was  admitted  with  complete  paraplegia  due  to  a  wound  of  the  neck.  An 
.T-ray  examination  showed  comminution  of  the  4th  and  5th  cervical  arches  on  the  right 
side,  where  a  piece  of  metal  lay  outside  the  spine.  Respiration  was  greatly  embarrassed, 
and  was  failing  rapidly  on  the  third  day,  when  operation  was  performed.  The  theca 
when  exposed  showed  no  signs  of  pressure,  but  presented  a  very  slight  scratch  on  the 
right  side.  Being  otherwise  quite  normal,  it  was  unopened.  Death  ensued  from  respira- 
tory failure.     The  condition  of  the  spinal  cord  is  shown  in  Figs.  427,  428,  and  429. 

Case  19  was  admitted  with  paraplegia  due  to  a  woiuid  in  the  neck,  "  a  foreign  body 
having  been  removed  from  under  the  ligamentum  nuchae."  The  paraplegic  symptoms, 
which  were  almost  complete  below  the  neck,  persisted  with  but  little  change,  except  that 
some  vague  deep  sensation  was  felt  on  the  right  side  of  the  trunk  and  right  thigh,  while 
cystitis   with   pyrexia   was   directly   threatening   life.     A   skiagram   showed   no   vertebral 
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injury.  On  the  twenty-third  day  operation  revealed  merely  some  tearing  and  blood- 
staining  of  the  interspinous  ligament  between  the  4th  and  5th  cervical  spines.  Laminec- 
tomy, witli  exposure  of  two  inches  of  the  theca,  showed  no  abnormality.  Death  occurred 
four  days  later  from  infection  of  the  urinary  tract,  with  multiple  renal  abscesses.  At  the 
post-mortem  examination,  the  cord  and  membranes  were  quite  normal  to  the  naked  eye, 
but  on  section  the  appearances  shown  in  Fig.  430  were  found. 


Fig.  427.- 


-Case  18.     Section  of  cord  above  area  of  necrosis, 
showing  four  large  haemorrhages. 


Fig.  428. — Case  18.     Extensive  area  of  hoomorrhagic  necrosis 


Fig.  429. — Case  18.     Higher  magnification  of  part  of  fin.  427, 
to  show  a  haemorrhage. 


Fig.  430. — Case  19.     Area  of  necrosis  almost  central. 


Case  20,  admitted  with  paraplegia  below  the  mid-dorsal  region  ;  died  twenty-four 
hours  later.  The  post-mortem  examination  showed  that  a  fragment  of  shell  had  passed 
from  left  to  right,  abrading  the  spine  of  the  9th  dorsal  vertebra,  not  otherwise  Lnjuring 
the  vertebral  column,  but  coming  to  rest  against  the  head  of  the  9th  rib,  which  was 
fractured.  There  was  some  blood-clot  around  the  theca  at  the  level  of  the  injury,  and 
some  congestion  of  its  vessels.  The  uncut  cord  was  normal  to  the  naked  eye,^  but  on 
section  revealed  haemorrhages  and  other  changes  similar  to  those  found  in  the  previous 
case  {Figs.  431,  432). 

In  cases  of  this  type,  which  are  often  spoken  of  vaguely  as  cases  of  concussion  of  the 
spinal  cord,  the  bruising  and  haemorrhage  is  clearly  not  always  due  to  osseous  displacement,, 
whether  with  or  without  recoil,  and  must  have  more  often  resulted  from  the  general 
disruptive  or  divulsive  wave  which  is  characteristic  of  gunshot  injuries  in  all  regions.  The 
appearances  are,  however,  very  uniform,  and  closely  similar  to  those  produced  by  direct 
crushing  of  the  spinal  cord. 
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Serial  sections  show  to  the  naked  eye  a  spindle-shaped  area  of  petechial  haemorrhage 
with  necrosis/  extending  throughout  two  or  three  segments  of  the  cord,  most  marked  at 
tlie  j)oint  of  impact  or  of  the  divulsive  wave,  and  thence  tapering  off  both  upwards  and 


V 

« 

^^JSP 

Hi 

FiO.  431. — C<ue  20.    Numerous  bsmorrhages  and 
extensiTe  necrosis. 


FlO.  432. — Case  20.  Portion  of  lateral  column  seen  in 
Fig.  431,  highly  ma;;;nified  to  show  sieve-like  structure  of 
the  white  matter  and  some  swollen  axis  cylinders. 


downwards,  the  upward  prolongation  being  as  a  rule  longer  and  more  tapering.  We  thus 
have  two  cones  of  destruction,  united  at  their  bases,  and  the  lower  generally  much  more 
truncated  than  the  upper.  In  the  whole  of  this  area  the  destruction  tends  to  be  more 
marked  in  the  central  grey  matter  than  in  the  firmer  and  less  vascular  lateral  fibres.  The 
medullan,'  substance  is  completely  disintegrated,  and  intermingled  with  it  are  numerous 
small  areas  of  extravasated  red  blood-corpuscles.  Around  this  haemorrhagic  area  is  a 
certain  amount  of  oedema,  affecting  especially  the  axis  cylinders  (Fig.  432),  and  associated 
with  Nissl  degeneration  of  the  anterior  cornual  cells,  Intra-radicular  haemorrhages  were 
also  occasionally  found.  We  were  unable  to  detect  any  eWdences  of  reparative  changes, 
even  in  such  an  instance  as  Case  19  (Fig.  430),  where  the  patient  survived  the  injury 
twenty-seven  days. 

It  will  be  ob\ious  that  the  changes  here  described,  and  resulting  from  impact  of 
minute  fragments  of  bone  or  of  the  disruptive  wave  of  a  gunshot  injury,  are  all  of  the 
nature  of  contusions  of  the  spinal  cord  ;  and  that  although  they  are  sometimes  spoken  of 
as  'concussion,'  they  have  little  or  nothing  in  common  with  the  lesions  which  may  be 
produced  by  heavy  falls  and  blows,  or  by  proximity  to  explosions,  in  which  we  have  a 
generalized  rather  than  a  localized  effect.  We  have  seen  numerous  cases  in  which  gunshot 
injury  of  the  back  is  accompanied  by  more  or  less  complete  paraplegia  which  tends  to 
recover^-,  but  we  have  no  pathological  e^^dence  as  to  the  changes  produced  in  such  cases. 
We  can  only  surmise,  without  being  able  to  prove,  that  they  also  are  due  to  minute  haemor- 
rhages resulting  from  the  divulsive  wave.  The  nearest  approach  to  confirmation  of 
this  \-iew  is  furnished  by  Case  17,  in  which  the  sole  nervous  sjTnptom  was  '  numbness '  of 
the  left  arm,  and  the  sole  pathological  appearance  a  small  haemorrhage  in  the  left  posterior 
root.  Had  this  patient  not  died  from  other  causes,  it  would  have  been  impossible  to  prove 
the  existence  of  this  minute  injurj-. 
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RESTORATION    OF    THE    URETHRA    BY    MEANS    OF 
BAER'S    MEMBRANE. 

By  Captain  JOSEPH  E.  AUAMS,  U.A.M.C.  T, 

The  following  case  of  gunshot  wound  of  the  urethra  is  of  interest,  by  reason  of  the  ease 
with  which  a  distressing  condition  has  been  reheved,  and  the  degree  of  success  which  has 
attended  the  operation.  It  is  true  that  there  «will  be  some  permanent  stricture  along  the 
course  of  the  urethra  ;  but  this  is  certainly  preferable  to  the  degradation,  to  the  male  mind, 
of  micturition  via  the  perineum,  and  it  can  be  controlled  by  the  regular  use  of  sounds. 

Private  S.,  age  22,  was  wounded  Nov.  27,  1917,  by  a  fragment  of  shell  which  entered 
through  the  perineum  and  emerged  above  the  pubes  at  the  root  of  the  penis.  There  was 
a  large  ragged  wound  between  the  legs,  involving  the  scrotum,  but  the  wound  of  exit  was 
small.  Healing  took  place  slowly,  and  both  wounds  were  not  closed  until  February, 
1918.  The  testicles  were  not  damaged,  there  was  no  bony  injury,  and  the  bladder  was 
not  involved  in  the  wound. 

When  I  examined  him  in  April,  the  penis  was  shortened,  and  approximated  to 
the  abdomen  by  a  recently  healed  cicatrix  over  the  pubes.  All  his  urine  was  voided 
through  a  fistulous  opening  behind  the  scrotum,  and  a  catheter  could  easily  be  passed 
through  this  into  the  bladder.  A  sound  could  be  passed  about  one  inch  down  the  urethra 
from  the  urinary  meatus,  but  no  further.  It  was  therefore  clear  that  the  urethra  between 
these  points  was  seriously  damaged,  if  not  destroyed.  It  seemed  rather  improbable  that 
it  could  be  restored  by  operation  ;  and  my  own  experience  of  operations  for  hypospadias, 
either  by  simple  plastic  operation,  or  by  vein-grafting  from  the  internal  saphenous,  had 
been  so  unsatisfactory  that  I  made  no  promise  to  the  patient  except  that  I  would  endeavour 
to  restore  the  urethral  channel.  He  was  quite  ready  to  accept  the  risk  of  failure,  and  is 
consequently  more  than  delighted  with  the  success  of  the  operation. 

Operation,  April  22. — The  lithotomy  position  was  used.  A  director  was  passed 
from  the  perineal  fistula  into  the  bladder,  and  a  sound  from  the  urinary  meatus  to  the 
scar  tissue  in  the  body  of  the  penis.  The  scrotum  was  next  split  down  to  the  proper  level 
of  the  urethra,  of  which  practically  no  trace  could  be  found.  Scar  tissue  was  removed, 
the  two  ends  of  the  urethra  were  dissected  free  for  about  half  an  inch,  and  the  edges  were 
freshened  for  the  application  of  the  sutures  to  hold  the  new  urethra  of  Baer's  membrane. 


Fk;.  433.—  Artificial  urethra,  coiistructfd  by  sewing  a  piece  of  Baer's  membrane  round  a  catlieter. 

This  was  next  constructed  by  sewing  a  piece  of  membrane*  round  a  No.  9  English 
gum-clastic  catheter— very  loosely  in  order  to  allow  of  subsequent  contraction — ^as  shown 
in  Fig.  433.  The  total  length  of  the  gap  in  the  urethra  was  five  inches,  and  the  artificial 
one  was  therefore  made  about  three-quarters  of  an  inch  longer,  so  that  it  might  be 
invaginated  for  a  short  distance  into  the  urethral  ends  and]  fill  the  gap  without  tension. 


*  TheBaer'8  membrane  used  in  this  ca.se  was  that  prepared  by  Johnson  and  Johnson,  of  New  Jersey. 
It  is  desciribed  by  the  makers  as  '  chromatized  mediurn-hard,' and  prepared  in  accordance  with  the  suggestions 
of  Dr.  Win.  Steven.son  Baer.  After  removal  from  its  sterihzed  envelof)e  it  was  merely  soaked  in  sterile 
normal  salt  solution  for  five  minutes  before  use. 
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I  am  indebted  to  the  theatre  sister  for  the  care  with  which  this  membrane  was  sutured 
around  the  catheter,  and  it  should  be  noted  that  it  was  designed  to  be  of  nearly  three 
times  the  actual  diameter  of  the  catheter,  except  at  its  ends,  where  it  fitted  more  closely. 
Its  edges  were  approximated  by  a  single  running  iodized  catgut  button -hole  suture. 

The  artificial  urethra  was  next  put  in  position  by  passing  the  catheter  from  the  meatus 
into  the  gap,  through  the  membranous  tube,  and  then  through  the  posterior  opening  of 
the  urethra  into  the  bladder.  Care  was  taken  to  apply  the  sutured  edge  of  the  tube  to 
the  deep  aspect  of  the  wound,  i.e.,  towards  the  dorsiun  of  the  penis,  since  it  was  thought 
that  this  would  tend  to  prevent  leakage  ;  the  ends  were  invaginated  into  the  two  opjen 
mouths  of  the  urethra,  and  were  secured  here  by  several  catgut  stitches,  which  in  places 
penetrated  the  membrane  owing  to  its  thinness. 

The  next  step  consisted  in  dissecting  up  a  flap  of  soft  tissue  from  each  side  of  the  floor 
of  the  wound  rather  greater  than  the  length  of  the  urethral  gap,  both  from  penile  and 
scrotal  tissue,  as  is  done  in  plastic  operations  for  hypospadias  ;  interrupted  catgut  was 
used  to  secure  this  second  channel  over  the  artificial  urethra  so  that  its  suture  line  lay 
over  the  unbroken  surface  of  Baer's  membrane.  Haemostasis  being  secured,  the  skin  was 
closed  with  interrupted  sutures  of  salmon-gut,  leaving  two  small  rubber  drains  at  the 
anterior  and  posterior  limits  of  the  wound.  In  order  to  avoid  risks  of  leakage  of  urine 
during  the  healing  process,  the  bladder  was  next  filled  by  means  of  the  catheter  already 
in  situ,  and  suprapubic  drainage  by  a  Guyon's  tube  carried  out.  The  catheter  was  then 
fixed  in  i>osition  by  adhesive  strapping,  and  sutures  passing  through  the  prepuce. 

Post-Operative  Coarse. — All  the  urine  drained  by  the  suprapubic  route  for  the 
first  eleven  days.  The  rubber  drainage  tubes  were  removed  on  the  fourth  day,  and  the 
wound  healed  by  first  intention,  except  at  two  points  close  to  the  ends  of  the  true  urethra. 
At  both  these  points  there  was  slight  leakage  of  urine, — enough  to  demand  daily  dressing 
for  a  few  days — but  the  posterior  sinus  healed  about  a  fortnight  after  operation.  The 
Guyon's  tube  was  removed  on  the  twelfth  day,  and  the  urine  then  drained  away  by  the 
catheter,  to  which  a  long  rubber  tube  was  attached.  A  small  slough  was  removed  from 
the  anterior  sinus  on  the  fifteenth  day,  and  the  catheter  was  finally  taken  out  eighteen 
days  after  o]>eration.  It  came  out  with  perfect  ease,  and  there  was  no  sign  of  its  being 
grip|>ed  at  any  point  by  scar  tissue.  The  urine  remained  normal  throughout.  There 
was  a  small  slough  about  |  in.  in  length  around  the  catheter  close  to  its  bladder  end,  and 
I  think  this  represented  a  very  small  portion  of  the  Baer's  membrane.  Normal  micturi- 
tion followed  the  removal  of  the  catheter,  but  the  anterior  sinus  leaked  for  several  weeks. 
To  aid  the  closure  of  this,  a  Xo.  6  silver  catheter  was  passed  imder  anaesthesia  and  tied  in 
for  four  days,  the  edges  of  the  fistula  being  freshened  and  approximated  with  a  couple 
of  catgut  sutures.  Six  weeks  after  the  first  operation  the  patient  was  again  examined 
under  an  anaesthetic,  and  a  20-24  Clutton's  sound  was  passed  easily.  Urethroscopy 
revealed  no  definite  stricture  at  any  part  of  the  urethral  canal,  but  the  walls  were  abnor- 
mally vascular,  though  quite  smooth.  Two  days  later  the  fistula  was  healed,  but  it  has 
broken  down  once  or  twice  since,  after  larger  sounds  have  been  passed.  On  Nov.  4  a 
26-30  Clutton's  sound  was  passed  under  chloroform  anaesthesia,  and  since  that  date 
sounds  have  been  passed  at  regular  intervals  without  the  aid  of  an  anaesthetic.  The 
patient  is  now  (December,  1918)  able  to  pass  size  18-22  himself.  As  soon  as  he  is  able  to 
pass  a  20-24,  I  propose  to  provide  him  with  his  own  sound,  and  he  will  be  ready  for 
discharge,  pro\ided  he  promises  to  pass  the  instrument  regularly  at  short  intervals.  He 
has  already  shown  that  he  understands  the  principles  of  asepsis. 

My  own  experience  of  the  simple  plastic  operation  commonly  recommended  for  the 
treatment  of  mild  cases  of  hypospadias  has  been  disappointing,  and  in  selecting  Baer's 
membrane  to  protect  the  suture  line,  I  was  influenced  by  the  statements  concerning  its 
value  in  arthroplasty,  where  it  is  said  to  undergo  organization  into  tissue  corresponding 
to  that  which  it  replaces. 

I  considered  the  ad\-isability  of  utilizing  a  tube  of  his  own  fascia  lata,  or  the  internal 
saphenous.  I  decided  against  the  latter  because  I  am  convinced  that  it  is  essential  to 
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provide  a  wide  channel,  and  I  have  found  that  an  excised  vein,  when  emptied  of  its  blood, 
l>ecomes  a  very  narrow  tube.  Baer's  membrane  probably  possesses  an  advantage  over 
fascia  in  that  it  is  already  'shrimk  "  :  though  I  must  confess  that  hitherto  I  have 
favoured  the  use  of  autogenous  rather  than  heterogenous  grafts  in  arthroplasty  and  similar 
operations. 

I  feel  sure  that  success  in  such  cases  depends  on  j)roviding  at  least  two  layers  of  tissue 
to  resist  leakage  of  urine,  and  also  on  drainage  of  the  bladder  above  the  pubes  for  a  con- 
siderable time.  It  was  rather  surprising  to  find  that,  with  the  Guyon's  tube  and  catheter 
both  in  the  bladder,  all  the  urine  drained  by  the  suprapubic  route  and  none  came  through 
the  urethral  catheter.  Within  three  days  of  the  removal  of  the  suprapubic  tube  this 
opening  had  closed  and  all  urine  was  voided  by  the  catheter.  I  shall  certainly  adopt 
more  careful  precautions  against  leakage  of  urine  in  operations  for  congenital  deformities 
of  the  penis  and  urethra  in  future,  and  it  seems  important  to  insist  on  sui)rapubic  drainage 
as  an  essential  step  towards  success  in  these  operations.  The  restlessness  of  a  child  patient 
must  certainly  be  guarded  against,  as  it  is  easy  to  dislodge  these  tubes. 

I  should  like  to  conclude  this  short  article  with  a  tribute  to  the  wounded  British 
soldier,  who  is  the  best  type  of  surgical  patient  I  have  ever  had  to  deal  with. 

My  thanks  are  due  to  Colonel  H.  P.  Hawkins,  commanding  the  5th  London  General 
Hospital,  for  his  permission  to  publish  this  case. 
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THE    TREATMENT    OF    FUNCTIONAL    DISABILITY    OF 
THE    LIMBS    IN    A    SPECIAL    MIUTARY    SURGICAL    HOSPITAL. 

By    LiEt-TEXANT    WM.    CLTHBERT    MORTON,    C.B.E.,    R.A.M.C. 

Officer  in  charge  of  the  Re-education  Department  of  the  2nd  Sorihern  General  Hospital^ 

Leeds. 

FOREWORD. 

The  functional  hospital  is  a  paradise  in  which,  as  Antonio  would  say,  the  healer  is  '*  a 
spirit  of  persuasion  "*  and  the  patients  '*  take  suggestion  as  a  cat  laps  milk.''  The  special 
surgical  hospital,  on  the  other  hand,  is  a  combined  purgatorv'  and  inferno  in  which  the 
functional  healer  is  kept  humble  by  the  slow  and  imperfect  results  of  his  treatment  and 
only  too  often  is  tormented  by  its  absolute  futility.  In  the  functional  hospital  it  may 
l>e  possible  to  cure  in  the  first  sitting  a  score  or  two  of  consecutive  cases,  but  in  the  special 
>«urgical  hospital  he  would  l>e  fortunate  indeed  who  should  cure  five  which  were  not 
deliberately  selected. 

In  March,  1917,  the  writer  was  appointed  to  take  charge  of  the  massage  department 
of  the  2nd  Korthern  General  Hospital,  and  it  was  not  long  before  he  became  convinced 
that  massage  and  electricity  were  of  little  or  no  benefit — and  indeed  on  occasion  were 
positively  harmful — in  certain  cases  which  should  nevertheless  be  cured  or  at  least  improved 
!)y  intensive  training.  Thus,  a  man  who  had  been  in  the  hospital  for  four  months  was 
^till  closing  his  hand  by  extension  of  the  first  and  flexion  of  the  second  and  third  phalanges  ; 
yet  a  simple  demonstration  of  the  muscular  mechanism  of  the  disability  brought  about 
closure  by  full  flexion  within  forty  minutes  ;  and  although  at  first  the  movement  was 
cautious  and  slow,  he  soon  regained  complete  control.  Again,  a  man  who  had  for  some 
time  been  trained  elsewhere  by  one  of  the  best  of  our  masseuses  was,  after  twenty  months 
of  hospital  life,  still  going  about  on  crutches  with  a  knee  rigidly  extended  and  a  profoundly 
Haccid  foot  :  yet  after  fifteen  minutes'  training  he  was  able  to  walk  perfectly  without 
support. 

After  a  few  months  in  the  massage  department,  the  writer  was  asked  by  Lieutenant- 
Colonel  Littlewood,  Officer  Commanding  the  2nd  Northern  General  Hospital,  to  under- 
take the  training  of  five  or  six  cases  for  a  few  weeks  in  order  to  see  what  could  be  done 
along  these  lines  ;  and  out  of  this  small  beginning  grew  the  re-education  department  of 
the  2nd  Northern  General  Hospital.  Although  from  the  outset  the  importance  of  this 
kind  of  work  has  been  recognized,  and  much  interest  has  been  taken  in  the  department 
by  the  authorities,  yet  the  demands  on  the  hospital  have  been  so  great  that  it  has  never 
been  found  possible  either  to  house  or  to  staff  the  department  adequately. 

At  first  the  patients  were  grouped  together  in  a  ward  (which  was,  however,  shared 
with  a  surgeon),  and  out  of  the  few  cases  of  general  "shell  shock*  which  we  then  had, 
several  did  ver\-  well  indeed  :  but  partly,  perhaps,  because  we  had  not  yet  gained  sufficient 
confidence  in  the  methods  of  treatment  which  we  were  then  only  evolving,  chiefly  no 
doubt  because  of  the  large  proportion  of  cases  in  which  the  training  was  hampered  and 
prolonged  by  organic  trouble,  it  was  impossible  to  create  an  "atmosphere,"  and  the  men 
were  once  more  scattered  among  the  surgical  cases  throughout  the  hospital,  attending 
the  re-education  department  as  out-patients.  In  a  functional  hospital  the  atmosphere 
appears  to  be  ever5i;hing  :  but  in  a  special  surgical  hospital  it  is  out  of  place  for  all  cases 
in  which  organic  and  functional  disabilities  are  closely  interwoven,  although  it  may  be 
desirable  for  those  whose  disability  has  become  purely  functional.  The  procedure  now 
adopted  is  as  follows. 

Admission  into  HospitaL — Patient  is  admitted  into  and  retained  in  one  of  the 
surgical  wards  under  the  surgeon's  care,  except  that  some  of  the  pensioners  are  treated 
throughout  as  out-patients. 
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Reference  to  the  Re-education  Department. — After  the  surgeon  has  completed  his 
examination,  he  refers  the  patient  to  the  re-education  department  if  he  thinks  that  part 
of  the  disability  may  not  be  organic.  All  cases  so  referred  are  welcomed,  since  at  times 
treatment  is  the  only  means  of  deciding  how  much  is  purely  functional,  and  even  if 
the  case  is  purely  organic  something  can  always  be  learned  from  it.  Each  patient  is 
examined  for  the  first  time  privately,  and  no  one  is  ever  treated  in  such  a  way  as  to  lead 
him  to  think  that  his  disability  is  not  regarded  as  a  very  real  thing.  It  is  quite  possible 
to  conduct  the  examination  without  giving  rise  to  any  unfortunate  'suggestion.' 

Complaint  and  Previous  History.  —  Patient  explains  what  he  cannot  do,  and  is 
then  asked  about  anything  previous  or  subsequent  to  the  disability  which  may  have  any 
t)earing  on  the  case — as,  for  example,  whether  he  has  had  the  trouble  before,  or  suffered 
from  paralysis  as  a  child,  whether  foreign  bodies  have  been  removed  or  are  still  present,. 
and  so  on. 

Appearance  of  the  Limb  when  Patient  is  at  Rest. — The  limb  is  examined  for 
oedema,  scars,  deformities,  abnormal  postures,  involuntary  movements,  and  the  like. 

Disability  in  Voluntary  Movement. — The  movements  which  the  patient  cannot 
voluntarily  execute  in  a  perfectly  normal  manner  are  noted.  The  whole  limb  should  be 
examined  in  every  case,  since  in  drop-foot,  for  example,  the  leg  and  thigh  may  also  be 
involved  so  that  weakness  of  abduction  at  the  hip-joint  may  have  caused  the  pelvis  to 
drop  on  the  other  side. 

The  Muscles  Involved  in  the  Disability,  and  their  Condition.  —  The  muscles 
which  are  not  functioning  properly  are  noted,  with  special  reference  to  their  condition 
both  when  the  patient  is  at  rest  and  also  when  he  is  attempting  voluntary  movement. 
They  may  be  normal,  or  flaccid,  or  in  spasm  (tonic,  clonic,  or  irregular),  or  they  ma> 
be  simply  inco-ordinate.  Muscles  are  good  servants,  but  bad  masters.  When  voluntary 
control  is  lost,  "  the  state  of  a  man,  like  to  a  little  kingdom,  suffers  then  the  nature  of  an 
insurrection." 

The  writer  is  inclined  to  think  that  too  much  attention  is  focused  upon  the  voluntary 
contraction  and  relaxation  of  the  muscles,  insufficient  emphasis  being  laid  on  the  fact  that 
when  the  will  is  inactive  the  muscles  live  a  life  of  their  own,  influenced  chiefly  by  reflex 
impulses,  but  partly  also  by  the  composition  of  the  blood  which  is  circulating — it  may  be 
very  sluggishly — within  them.  It  is  impossible  to  believe  that  every  functional  disability 
has  been  brought  on  by  suggestion  ;  and  the  man  who  persists  in  a  functional  disability 
initiated  by  organic  mischief  may  be  no  more  of  a  hysteric  or  a  malingerer  than  the  man 
who  remains  deaf  for  some  time  in  the  belief  that  he  is  incurable,  although,  when  he  is  at 
last  persuaded  to  have  medical  advice,  he  recovers  his  hearing  completely  as  soon  as  the 
ears  are  syringed  ;    it  was  a  mistake,  stupid  perhaps,  but  no  more. 

The  Cause  of  the  Condition. — The  first  problem  is  diagnosis.  How  much  of  the 
trouble  is  organic  ?  Is  there,  or  has  there  ever  been,  any  direct  damage  to  the  muscles 
themselves,  to  the  bones  upon  which  they  are  designed  to  act,  or  to  the  upper  or  lower 
motor  neurones  by  which  they  should  be  controlled  ?  Or  is  it  that  the  tone  of  the  whole 
muscular  system  has  been  so  lowered  that  those  muscles  which  in  the  course  of  evolution 
have  been  subjected  to  the  greatest  strain  (as,  for  example,  the  peronei,  or  the  abductors 
of  the  hip,  or  the  deltoid)  can  no  longer  'carry  on'  ?  Or  is  there  indirect  organic  trouble  ? 
Is  there  a  reflex  (painful  or  simply  protective)  causing  spasm,  or  is  ccdema  liamperinL; 
the  muscles  (partly  by  faulty  nutrition  and  removal  of  by-products,  partly  by  thickening: 
and  stiffening  of  the  limb  and  of  the  muscles  themselves)  ?  Or  have  the  muscles  been  so 
long  out  of  action  that  their  sensory  mechanism  is  out  of  gear  ?  Is  their  any  alteration 
in  the  equilibrium  of  the  body,  such  as  a  short  limb  causing  pelvic  drop  and  scoliosis. 
or  on  the  other  hand  an  injury  causing  scoliosis  followed  by  pelvic  uptilt  and  an  apparent 
shortening  of  the  limb  ?  Is  there  a  loss  of  the  normal  muscular  antagonism,  through  a 
direct  injury  of  the  antagonists  or  their  nerves  '? 

Many  cases  require  several  sittings  before  they  can  even  be  diagnosed,  and  in  some 
the  diagnosis  can  never  be  certain.  Every  case  should  be  reviewed  from  time  to  time, 
and  frequent  consultation  between  re-educator  and  surgeon  may  be  necessary,  as  well  as 
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one  or  more  radiographs  or  neurological  examinations.  Xo  ease  in  whieh  there  is  any 
doubt — indeed,  it  might  almost  be  said,  no  case  whatever — should  be  treated  as  functional 
without  full  examination.  The  following  cases  among  others  show  how  closely  the  organic 
and  the  functional  may  be  intertwined.  Flaccidity  of  the  lower  limb  has  been  complicated 
by  s\Tiovitis  of  the  knee,  rupture  of  the  ligamentum  patellae,  incurable  stretching  of  the 
tendon  of  the  rectus  muscle,  and  Hey's  internal  derangement  of  the  knee-joint.  In  one 
case  the  pelvis  was  dropped  because  of  irreparable  damage  to  the  abductors  of  the  hip  : 
in  another  it  was  uptilted  owing  to  a  similar  condition  of  the  muscles  of  the  abdominal 
wall.  A  flaccidity  of  the  deltoid,  diagnosed  as  obviously  functional,  was  due  to  a  sub- 
deltoid periostitis.  Imperfect  closure  of  the  fingers  sometimes  depends  upon  an  organic 
injurj'  to  one  or  more  phalanges  or  joints  of  a  single  finger,  especially  the  medius.  In 
one  case  a  functional  flaccidity  of  the  whole  upper  limb  was  complicated  during  treatment 
by  the  development  of  an  organic  paralysis  of  the  musculocutaneous  nerve  due  to  con- 
striction by  scar  tissue  along  the  track  of  a  foreign  body.  Finally,  in  one  of  the  surgical 
wards,  a  man  who  limped  slightly,  though  he  declared  that  he  had  never  been  wounded, 
was  found  to  be  suffering  from  Brown-Sequard's  paralysis  caused  by  a  bullet  embedded 
in  the  spinal  column. 

Treatment. — In  every  case  a  plain  statement  of  the  facts  and  difficulties  is  made  to 
the  patient.  If  any  part  of  the  disability  is  incurable,  he  is  frankly  told  so.  The  rest  of 
the  trouble  is  explained  as  l>eing  due  to  muscle  habit,  and  curable  ;  and  as  far  as  possible 
some  period  is  fixed  within  which  he  should  be  quite  cured,  whether  it  be  one  lesson,  one 
day,  one  week,  or  one  or  more  months,  due  emphasis  l>eing  laid  on  the  fact  that,  as  in  all 
physical  training,  a  great  deal  depends  upon  his  own  efforts.  It  is  gratifying  to  note  how 
interested  most  of  these  men  become  in  their  training,  and  how  it  fosters  their  self-respect. 
Equally  noteworthy  has  been  the  enthusiasm  of  all  the  trainers  who  have  been  working 
against  such  odds  during  the  last  eighteen  months.  Diagnosis  is  the  duty  of  the  medical 
officer,  but  most  of  the  actual  training  is  carried  out  by  sisters  and  V.A.D.'s,  in  whose 
hands  the  cases  can  as  a  rule  be  safely  left  when  once  the  diagnosis  has  l>een  determined 
and  the  form  of  treatment  settled. 

Although  the  methods  of  treatment  varv^  according  to  the  nature  and  site  of  the 
disability,  yet  they  are  all  l)ased  upon  the  same  principles — namely,  stimulating  the 
muscular  sense,  restoring  the  reciprocal  action  of  antagonists,  and  co-ordinating  all  the 
muscles  under  the  unerring  control  of  an  educated  central  nervous  system.  It  is  impos- 
sible here  to  enumerate  the  different  clinical  types  and  the  details  of  treatment.  Notes 
are,  however,  ap{>ended  of  a  few  cases  specially  selected  as  illustrating  the  work  of  the 
department  from  various  points  of  \iew.  Cases  could  easily  have  f)een  chosen  in  which 
the  results  might  have  appeared  more  striking  ;  and  others  still  more  easily  which  were, 
or  might  have  appeared  to  be,  failiures. 

ILLUSTRATIVE     CASES. 
I.    UPPER     LIMB. 

Case  1. — Closinsr  of  the  hand  by  extension  of  the  first  and  flexion  of  the  second  and 
third  phalanges,  folio v^ing  a  giinshot  wound  of  the  arm.     (Figs-  434  A-E). 

Pte.  R.  M.,  age  22,  received  a  gunshot  wound  in  the  left  arm  on  Feb.  27,  1917,  and  was 
admitted  to  the  2nd  Xorthem  General  Hospital  on  June  21. 

Re-education*  Department. 

June  22. — Left  upper  limb  is  in  no  way  paralyzed.  On  being  told  to  close  the  fist,  he 
extends  the  first  phalanges  fully  and  fully  flexes  the  second  and  third,  the  whole  hand  being  then 
kept  rigid  {Fig.  434  A).  Once  the  movement  has  begun,  it  is  not  possible  to  flex  the  first  phalanges 
passively.  The  condition  is  due  to  immediate  over-action  of  the  extensors.  On  being  shown 
how  to  keep  his  hand  absolutely  relaxed,  and  then  to  flex  gently  the  first,  the  second,  and  lastly 
the  third  phalanges,  he  carries  out  the  movement  perfectly,  though  very  slowly.  The  two  condi- 
tions of  the  hand  can  be  reproduced  at  will  by  strong  and  sudden,  or  on  the  other  hand  by  slow 
and  gentle,  contraction. 

June  29. — Impro\Tng  slightly. 

July  6. — Can  flex  correctly  much  more  rapidly  than  before,  but  very  sudden  flexion  repro- 
duces the  disability.     Grip  exercises. 
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July  13. — Improving. 

July  18. — Greatly  improved.  He  can  close  his  fist  more  rapidlj-  than  even  last  week.  Also, 
even  when  he  does  it  very  rapidly,  and  therefore  incorrectly,  the  carpo-metacari)al  joints  are  much 
more  flexed  than  before. 

July  30. — Almost  right. 

Aug.  1. — Cured. 

This  case,  interesting  in  itself,  is  to  the  writer  particularly  so,  since  it  was  the  very 

first  which  he  cured.  The  faulty 
closure  was  apparently  a  simple 
nuiscular  inco-ordination.  There 
was  no  paralysis,  and  so  long  as 
the  hand  was  at  rest,  there  was 
no  spasm.  When,  however,  patient 
attempted  to  close  the  hand,  whicii 
he  always  did  with  considerable 
vigour,  the  interossei  did  not  act 
strongly  enough  to  flex  the  first 
phalanges,  so  that  when  tfie  sub- 
limis  and  jirofundus  flexed  the 
second  and  third  phalanges,  their 
forcible  contraction,  in  the  absence 
of  the  flexion  of  the  first,  brought 
into  play  the  strong  counter-puli  of 
the  extensors  which  is  normally 
seen  under  corresponding  condi- 
tions. The  flexors  pulled  harder 
and  harder,  but  this  was  count  erefl 
by  the  extensors,  and  as  each  group 
called  in  more  and  more  muscles  to 
assist  it,  the  whole  limb  at  last 
became  rigid,  even  the  trunk  being 
bent  over  to  that  side  in  the  des- 
perate attempt  to  close  the  hand. 
Treatment  consisted  (1)  in  explain- 
ing to  the  patient  the  mechanism 
of  the  disability  ;  (2)  in  making 
him  relax  every  muscle  of  tlic 
limb  ;  and  (3)  in  training  him  in 
successive  flexion — that  is  to  say. 
to  extend  his  fingers,  and  then  in 
the  gentlest  possible  manner,  and  i  C 
necessary  with  the  help  of  passi\ c 
movement,  to  flex  in  }  successi()n 
the  first,  second,  and  third  i)lia- 
langes  (Figs.  434  B,  C,  D,  E).  In 
this  way  the  interossei  are  brought 
into  play  from  the  first,  the  con- 
traction of  the  subUmis  and  pro- 
fundus is  kept  within  bounds,  and 
the  extensors  are  never  unduly 
stimulated.  When  once  the  liand 
could  be  perfectly  closed  in  thi-^ 
gentle  fashion,  daily  practice  soon 
increased  the  speed  and  power  of  the  flexion.  The  notes  show  well  the  gradual  progress 
of  the  case.  In  some  cases  it  will  be  found  that  although  perfect  range  of  movement  i- 
soon  recovered,  the  power  of  the  grip  is  very  slow  in  returning  ;  and  this  is  often  seen 
with  other  types  of  disability  of  the  hand. 


I'Ki.   i;j4. — (A)  Clonuie  oi  llie    liaiiil  hy  t;.\Leii3ioii  o£  tlie  first  anj 
fle.^ion  of  the  second  and  third  phalani;es,  as  in  Vases  1  and  2. 
(fl),  (C),  (/)),  {E),  Positions  of  the  hand  in  successive  flexion. 
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Case  2. — Closing  of  the  hand  by  extension  of  the  first  and  flexion  of  the  second  and 
third  phalansres,  following  a  gunshot  w^ound  of  the  shoulder  -with  injury  to  all  the 
cords  of  the   brachial    plexus   (see  Fig.  4;U). 

Cpl.  A.  M.,  age  21,  was  shot  in  the  shoulder  on  Sept.  14.  1910.  and  was  admittetl  to  the  2nd 
Xorthern  General  Hospital  on  July  3,  1917. 

Surgical  Ward. 

July  3. — Shrapnel  bullets  entered  lielow  outer  half  of  right  clavicle,  passed  downwards  and 
outwards,  and  emergetl  about  lower  angle  of  scapula.  Upper  arm  apparently  normal.  Shoulder 
normal.     Forearm  :  wasting  of  flexors.     I'Inar  palsy  in  hand. 

July  6  {Serve  Re/mrt). — Severe  lesion  of  all  cords  of  brachial  plexus,  worst  of  inner  cord. 
Former  anaesthesia  now  gone.  I'Inar  distribution  only  "numb'  now.  .All  muscles  respond  to 
faradism  except  those  of  i>osterior  cord  (which  are  |K)werful  in  voluntary  effort). 

Sept.  6  (Serve  Re/mrl). — Little  change  yet. 

Nov.  14  {\en'e  liefmrt). — All  muscles  respond  to  faradism.  .Slight  sensory  loss,  ulnar 
area  only. 

Re-education  Department. 

Dec.  18. — A  t>-pical  case  of  disiibility  in  closing  the  hand  by  extension  of  the  first  and  flexion 
of  the  second  and  third  phalanges.  Alxluction  and  adduction  of  the  fingers  is  not  possible.  This 
is  to  some  extent  <lue  to  the  hyjjerextension  of  the  first  with  flexion  of  the  second  and  third 
phalanges  which  is  the  result  of  the  organic  lesion  and  is  now  probably  incurable.  With  re-education 
he  will  rapidly  recover  considerable  range  of  voluntary  movement. 

Dec.  20. — Closes  his  hand  perfectly  well  now.  Cannot  yet  extend  his  third,  fourth,  and  fifth 
digits  properly.  This  is  due  to  the  hy|)erextension  of  the  first  phalanges  and  shortening  of  the 
extensors  causing  tension  on  the  long  flexor  tendons.     For  this,  re-education  will  do  no  good. 

Dec.  31. — Disability  in  flexion  cured.  For  the  rest,  work  and  time  will  do  as  much  as  any 
treatment.  ,^.     '. 

This  case  shows  how  an  inco-ordination  may  be  the  result  of  the  orderly  recovery 
of  an  organic  nerve  lesion,  a  result  which  persists  after  the  lesion  itself  has  recovered, 
simply  because  the  man  does  not  know  that  he  can  be  cured,  still  less  that  he  can 
cure  himself.  The  bullet  injured  all  the  cords  of  the  brachial  plexus,  and  especially 
the  inner  cord,  so  that  the  nerve-supply  to  the  muscles  of  the  fingers  was  interfered 
with,  and  especially  that  to  the  flexors.  The  order  of  recover^'  would  thus  be— first 
the  extensors,  then  the  long  flexors,  and  lastly  the  interossei.  Now,  when  a  part  is 
disabled,  the  effort  to  overcome  the  disability  commonly  results  in  all  the  muscles  of 
that  part,  and  sometimes  those  of  other  parts  also,  being  simultaneously  called  into 
action,  even  although  their  action  is  to  antagonize  one  another.  When,  therefore,  in  this 
ca.se  the  flexors  began  to  recover,  the  effort  to  flex  brought  into  play  the  more  powerful 
extensors  ;  and  since  these  were  acting  chiefly  on  the  first  phalanges,  while  the  interossei 
were  not  yet  able  to  extend  the  second  and  third,  the  effort  at  flexion  resulted  in  a  faulty 
closure  of  the  hand  by  extension  of  the  first  with  flexion  of  the  second  and  third 
phalanges.  When  at  last  the  interossei  gradually  recovered,  they  had  to  give  way  before 
the  long  flexors,  which  were  themselves  overpowere<l  by  the  extensors.  This  inco-ordina- 
tion was  therefore  in  its  onset  organic,  and  it  persisted  through  sheer  force  of  habit,  since 
the  man  failed  to  realize  that  he  could  close  his  hand  perfectly  if  only  he  would  set  about 
it  in  the  right  way.  No  doubt  he  responded  to  the  strong  suggestion  afforded  by  the 
severity  of  the  injury  which  had  originally  disabled  him  ;  but  there  is  no  need  to  suppose 
that  he  was  either  malingering  or  hysterical. 

Case  3. — Limitation  in  flexing  the  fingers  ow^ing  to  organic  disability  oi  the  middle 
finger.      {Figs.  43.>  A-G.) 

Pte.  F.  E.,  age  26,  was  wounded  by  a  bullet  in  the  left  hand  on  .\pril  13,  1917,  and 
was  admitted  to  the  2nd  Northern  General  Hospital  on  Oct.  15. 

Surgical  Ward. 

Oct.  17. — Compound  fracture  of  left  middle  finger  which  is  entirely  healed.  Last  phalanx 
bent  to  radial  side.     Finger  extended  and  unable  to  flex.     Other  joints  of  hand  movable. 

Nov.  16. — Last  joint  of  left  middle  finger  excised  to  straighten  distal  phalanx. 

Re-education  Department. 

Jan.  4,  1918. — The  second  and  third  phalanges  are  out  of  court,  and  the  whole  finger  is  useless. 
Not  only  so,  but  this  is  apparently  the  cause  of  the  disability  of  the  index,  ring,  and  little  fingers. 
Compare  the  other  hand  (Fig.  iS5  A).  .Amputation  of  the  whole  medius  might  restore  the  use 
of  the  rest  of  the  hand. 
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Jan.  10. — The  finger  can  be  fairly  well  relaxed  by  patient,  aixl  compk-tcly  (loxcd  by  passive 
njovement. 

Feb.  28. — The  flexor  digitorum  profundus  as  a  whole  is  workiii<;  very  l)a(llv.  I'atient  is 
unable  to  bend  the  terminal  phalanx  of  any  finger  well. 

March  7. — Would  suggest  dis|M>sal,  as  no  further  improvement  is  noted  mikI  mo  oixralive 
measure  is  wanted  by  the  patient. 


Fig.  435  A.  —  The  normal  hand  in  Case  3.     Voluntary  extension  of  the  middle  finger,  with  imperfect  flexion  of 
the  Uiird  phalanges  of  the  other  fingei-s.     Xote  the  converL-ence  of  the  index  and  rini.'  fins,'ers. 


FlC.  iZo£. — Organic  stiffneaa  of  the  middle  finger,  with  imperfect  flexion  of  the  terminal  phalanges  of  the  other  fingers. 
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In  this  case  there  was  :  (1)  A  primary  organic  disability  of  the  middle  finger  ;  (2)  A 
secondary  organic  disabiUty  of  the  other  fingers  ;  and  (3)  A  functional  flaccidity  of  the 
profundus. 


Fia  435  C. — The  same  case  some  months  later. 


Fig.  iZoD. —  Side  view  of  a  similar  case. 


1.  The  inabiUty  to  flex  the  middle  finger  was  organic,  being  due  to  the  wound. 

2.  The  inability  to  flex  the  other  fingers  (chiefly  the  terminal  phalanges)  was  also 
organic,  being  the  inevitable  result  of  the  inability  to  flex  the  middle  finger.     At   first 
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sight  it  might  appear  that  the  inability  to  flex  completely  the  index,  ring,  and  little  fingers 
was  due  to  a  purely  functional  flaccidity  of  the  profundus.  A  very  similar  condition  was, 
however,  found  in  the  sound  hand,  in  which,  if  the  middle  finger  was  kept  either  actively 
or  passively  extended,  the  terminal  phalanges  could  not  be  flexed  {Fig.  435  A)  This  is 
quite  often  seen  in  normal  hands ;  and  if  the  attempt  to  flex  the  fingers  be  both  sudden 
andj  vigorous,  there  may  be  acute  pain  at  a  greater  or  less  distance  above  the  wrist, 
apparently  because  the  belly  of  the  profundus  to  the  middle  finger  either  contracts  and 

cannot  shorten,  or  else  is  stretched  by 
the  contraction  of  the  bellies  to  the 
other  fingers.  In  the  case  described 
above,  the  tips  of  the  index  and  ring 
fingers  converged :  but  this,  too,  is 
seen  in  many  normal  hands,  being 
indeed  to  some  extent  found  on  the 
sound  side  in  this  very  case.  In 
certain  cases,  if  the  individual  fingers 
be  flexed  by  the  sublimis  in  the  order 
little,  ring,  middle,  and  index,  each 
finger  will  overlap  its  predecessor,  and 
will  only  fall  into  position  by  sliding 
down  its  side. 

3.  There  was  also  a  purely  func- 
tional flacciditj-  of  the  profundus, 
best  seen  when  the  patient  tried  to 
flex  the  third  phalanges  while  the  first 
and  second  were  held  in  passive 
extension.  The  main  duty  of  the 
profundus  is  to  co-operate  with  the 
sublimis  in  securing  complete  closure 
of  the  hand.  Since  the  muscle  could 
not  be  used  for  this  purpose,  it  is 
scarcely  surprising  that  it  should  have 
become  flaccid.  Unless  the  organic 
disability  of  the  middle  finger  could 
be  eliminated,  the  whole  profundus, 
even  were  it  cured,  would  almost 
certainly  relapse  ;  and  in  any  case  the 
cure  would  be  of  little  value,  since  the 
muscle  could  only  come  into  play  in 
a  movement  of  no  importance.  The 
choice  lay  between  amputation  of  the 
middle  finger,  and  division  of  tht^ 
tendon  of  the  profundus  to  the  middle 
finger  ;  but  surgical  measures  were 
refused. 

There  have  been  other  cases  with 
a  somewhat  similar  disability  (Figs.  435  B,  C,  D),  and  one  (Fig.  435  F)  in  which  the  other 
fingers  could  be  fully  flexed  although  the  medius  remained  fully  extended.  In  this  last 
case  the  joints  of  the  middle  finger  were  perfectly  supple,  but  there  was  no  voluntary 
|)ower  of  flexion,  nor  could  the  finger  be  flexed  by  faradism.  As  there  was  a  deep  scar 
in  the  palm  at  the  base  of  the  finger,  the  flexor  tendons  had  evidently  been  severed. 
The  other  bellies  of  the  profundus  would  thus  be  free  to  flex  the  terminal  phalanges  of 
the  other  fingers. 

Organic  stiffness  of  the  metacarpo-phalangeal  joint  of  one  or  more  fingers  seriously 
hampers  re-education  of  the  hand.      In  order  to  overcome  it,  the  writer  has  devised  the 


VUi.   135A'.^  Metacarpo-idialangeal  flexion  splint. 
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Fi<i.  435/'  —Loss  of  flexion  of  the  middle  finger  (whidi  is,  howerer,  quite  supple)  with  perfect  flexitm  of  the  third 
I'lialaiiges  of  the  other  fingers.  The  flexor  tendons  had  been  severed  by  a  wound  at  the  base  of  the  middle  finder,  sojtUat 
the  remaining  tendons  of  the  profnudos  were  unliampered. 


Fig.  43.5  (7.—  Fonctional  Lngging  of  the  middle  finser,  which  had  been  injured  about  six  years  previously. 
Closure  of  the  hand  was  perfect  after  one  lesson. 
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splint  shown  in  Fig.  435  E,  which  will  fit  a  large  or  a  small  limb,  whether  rijilit  or  U-lt.  and 
can  l)e  applied  to  one  or  more  fingers,  each  being  dealt  with  independently  so  as  to  secure 
its  maxinmm  flexion. 


in    extending    the    w^rlst    after   recovery    of    a 


Case    4. — Overaction     of     the    flexors 
lesion  of  the  musculospiral   nerve. 

Pte.  F.  C,  age  32,  was  referred  to  the  re-education  department  of  the  2nd  Northern  General 
Hospital  on  Sept.  11,  1917,  unable  to  extend  the  left  wrist  properly  after  recovery  of  a  lesion  of 
the  musculospiral  nerve. 

Re-education  Department. 

Sept.  11. — Muscular  resistance  to  extension  of  wrist.     Re-education  soon  gives  good  result. 

Oct.  9. — Movements  apparently  perfect,  but  patient  complains  of  pain  on  lifting  anything 
heavy. 

This  case  has  four  points  of  interest  :  (1)  The  preponderance  of  the  flexors  is  merely 
the  continuance  of  what  was  for  months  an  organic  inco-ordination.  (2)  Even  when 
function  was  restored,  patient  complained  of  pain  on  lifting  anything  heavy.  Pain  often 
vanishes  in  a  surprising  way  when  the  part  is  once  more  functioning  properly  ;    but  often 


Fio.  436. — Long  skeleton  cock-up  sling-splint  (see  note  to  Case  5). 


it  remains,  and  one  must  always  be  careful  in  diagnosing  any  pain  as  purely  functional, 
since  the  subsequent  course  of  the  case  often  reveals  the  presence  of  definite  organic 
trouble.  (3)  Although  this  case  did  well,  there  are  some  of  this  type  which  are  diflficult 
to  cure,  possibly  because  the  shortening  of  the  muscles  has  become  complicated  by  fibrous 
changes.  (4)  In  such  a  case  as  this  a  long  skeleton  cock-up  sling-splint  is  often  useful 
(Fig.  4.36,  and  see  comment  on  Case  5). 
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Case  5. — Over-action  of  the  flexors  of  the  w^rist  and  of  the  long  flexors  and  extensors 
of  the  fingers,  -w^ith  -weakness  of  the  Interossei,  following  a  gunshot  w^ound  of  the  fore- 
arm (Figs,  itil  A,  B). 

Pte.  A.  M.,  was  wounded  through  the  left  forearm  on  Oct.  14,  1917.  He  was  admitted  to 
the  2nd  Northern  General  Hospital  on  April  26,  1918. 

Surgical  Ward. 

Through-and-through  bullet  wound  of  middle  of  left  forearm.  Hand  held  in  claw  position,^ 
deviated  to  ulnar  side,  and  pronated.  Considerable  atrophy  of  hj^jothenar  group  of  muscles. 
Wrist  dropped,  spastic  contraction  of  extensors  of  hand.  Very  limited  ix)wer  in  flexor  profundus, 
practically  none  in  sublimis,  very  slight  i>ower  in  thenar  group,  none  in  intrinsic  muscles  of  hand. 


FIG.  ii'iA. — overaciion   oi   trw  iie\or~  ot    tiip   wrist   and  ot  Ihe   Ions;   llexors  ami  extfiisors  of  tlie  fingers,  with 
weakness  of  the  interossei,  following  a  sninsliot  wouinJ  of  the  forearm  (Cate  5). 


I'k;.  437ii. — -The  same  case  after  training. 

Very  slight  power  of  pronation  and  supination.  Blunting  of  sensation  in  ulnar,  median,  and 
posterior  interosseous  distribution.     Passive  movement  possible  at  wrist-joint,  no  voluntary  power.  • 

May  16  {yerve  Report). — Mainly  if  not  wholly  functional.  Spasm  passed  off  to  a  great  extent 
when  the  muscles  were  tired  by  action. 

Re-education  Department. 

May  24. — Position  of  rest :  Three-quarters  pronation,  drop-wrist,  hyperextension  of  first 
phalanges,  marked  flexion  (45°)  of  second,  and  slight  flexion  (0°-10°)  of  third  (Fig.  437  A).  Great 
rigidity,  but  absolute  relaxation  can  be  obtained. 

Aug.  2. — Has  never  been  to  the  department  since  May  24.  Hand  now  as  it  was  then. 
Position  of  rest  the  same.     Rigidity  the  same.     Relaxation  as  before. 

Sept.  16. — Less  muscular  spasm. 

Oct.  16. — Has  now  good  voluntary  movements  in  every  way,  though  the  hand  in  repose 
resumes  the  old  position.     Time  and  use  should  now  do  as  much  as  further  treatment. 


508  THE    BRITISH    JOURNAL    OF    SURGERY 

This  deformity  corresponds  in  some  ways  to  that  in  the  foot  known  as  pes  cavus.  The 
extensors  and  long  flexors  are  in  spasm,  whereas  the  interossei  are  eithfer  overpowered  or 
not  acting  at  all.  The  treatment  consisted  in  absolute  relaxation,  successive  flexion,  and 
the  like.  The  patient  was  discharged  before  the  muscles  had  quite  resumed  the  normal 
co-ordination  of  rest.  Perhaps  he  ought  rather  to  have  been  given  a  long  leave,  say  two 
months.  In  the  later  stages  of  the  cure  these  cases  often  do  extremely  well  if  sent  home 
for  some  weeks,  especially  if  they  can  find  any  appropriate  work.  Many  a  case  which  is 
dragging  rather  wearily  to  its  close  is  satisfactorily  cured  in  this  way,  provided  the  man 
can  be  trusted  to  persevere  in  training  himself  at  home. 

For  this  and  similar  cases — especially  where,  as  in  Case  4,  there  has  been  a  lesion  of 
the  musculospiral  nerve — the  writer  has  devised  the  skeleton  sling-splint,  one  form  of 
which  is  shown  in  Fig.  436.  The  hand  must  not  be  immobilized,  nor  yet  must  it  hang 
down  at  the  patient's  side.  This  splint  therefore  dispenses  with  all  bandages,  and  acts  as 
a  sling  for  the  forearm,  while  at  the  same  time  the  wrist  is  kept  extended  by  gravity.  If 
the  cross-straps  are  undone,  the  limb  can  be  freely  used  ;  and  yet  whenever  it  comes  to 
rest,  the  proper  position  is  ensured.  When  the  metacarpo-phalangeal  joints  should  be 
allowed  to  flex,  a  short  skeleton  sling-splint  should  be  used.  The  metal  band  which  runs 
half-way  up  to  the  left  shoulder  stabilizes  the  splint. 

Case  6.- — Over-action  of  the  extensors  and  flexors  of  the  Avrist  and  of  the  extensors  and 
loner  flexors  of  the  flngers.  ^with  -weakness  of  the  Interossei,  following  a  lesion  of  the 
ulnar  nerve  {Figs.  438  A,  B). 

Pte.  F.  B.,  age  26,  was  wounded  in  the  left  wrist  on  Sept.  16,  1916,  and  admitted  to  the  2nd 
Northern  (General  Hospital  on  April  26,  1918. 

Surgical  Ward. 

April  26. — Through-and-through  bullet  wound  of  wrist.  Wound  of  entrance  just  below 
styloid  process  of  ulna,  dorsum  of  wrist  ;  exit  at  lower  end  of  ulna,  pahnar  surface.  Hand  held  in 
claw  position,  contraction  of  extensors.  Can  be  passively  extended  ;  voluntary  power  practically 
nil.  Atrophy  of  muscles  of  dorsum  of  hand.  No  voluntary  movements  of  fingers  or  thumb. 
Considerable  blunting  of  sensation  in  ulnar  and  median  areas. 

June  3  (A'er  e  Report). — Partial  ulnar  lesion,  and  very  slight  sensory  loss  in  median  area. 
Ulnar  muscles  of  hand  are  powerless,  but  react  to  faradism,  with  exception  of  outer  interossei. 
Median  muscles  have  power,  and  react  to  faradism.  Ulnar  sensory  loss  incomplete  ;  no  deej) 
loss.     Considerable  contraction  of  extensor  group. 

July  10  {Nerve  Report). — Improvement  in  ulnar  lesion.  Less  absolute  sensory  loss.  Con- 
tracted extensors  cause  most  disability,  and  the  trouble  is  largely  functional. 

Re-education  Department. 

July  12  — Some  organic  rigidity  of  the  wrist.     On  waiting  list. 

July  25. — Does  surgeon  think  the  extensor  tendons  should  be  lengthened  ? 

.Aug.  12. — Tenotomy  of  extensor  tendon  to  middle  finger. 

Sept.  20. — The  condition  resembles  pes  cavus,  but  the  wrist  is  organically  stiff,  so  that  it 
cannot  be  much  flexed.  The  spasm  of  the  extensors  and  flexors  may  be  a  reflex  irritative  con- 
dition. Should  like  to  try  re-education  for  one  month  if  surgeon  approves.  Tenotomy  has  done 
no  good. 

Oct.  5. — Not  a  great  deal  of  spasm  now  in  the  long  extensors  of  the  fingers,  and  very  little  in 
the  sublimis  and  profundus.  Should  be  inclined  to  recommend  freeing  ulnar  nerve  from  seap 
alx)ve  wrist  in  the  hope  of  helping  the  action  of  the  interossei. 

Oct.  16  {Nerve  Report). — The  slight  organic  lesion  of  the  ulnar  may  l>e  at  the  bottom  of  the 
functional  disturbance  ;    careful  neurolysis  might  help. 

Surgical  Ward. 

Oct.  21  (Surgeon's  Report). — Operation,  ether.  Ulnar  nerve  exposed  at  wrist.  Considerable 
scar  tissue.     A  small  bulb  of  nerve,  which  was  not  very  hard.     Nerve  freed  from  scar  tissue. 

Re-education  Department. 

Nov.  23. — In  hand  again.     No  change. 

Nov.  30. — Interossei  still  respond  badly  to  faradism. 

Dec.  14. — Improving. 

•Ian.  4,  1919. — Much  improved. 

Jan.  23. — ^Wrist  :  Voluntary  extension  full,  also  flexion  until  organically  limited.  Fingers  : 
With  wrist  extended,  index  and  medius  can  be  fully  extended,  ring  not  quite,  little  finger 
less  ;  with  wrist  in  axis,  ditto.  Action  of  interossei  :  Index  and  medius  flexed  90° — 0" — 0*^,  ring 
and  little  finger,  45" — 90° — 45°.  This  condition  had  a  very  definite  organic  basis.  The  inter- 
ference with  the  ulnar  nerve  is  now  passing  off.     Should  recommend  two  months'  leave. 
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How  much  of  this  disability  was  organic,  and  how  much  functional  ?  There  can  be 
little  doubt  that  there  was  a  distinct  lesion  of  the  ulnar  nerve,  upon  which  the  non-organic 
was  superimposed.  In  Fig.  438  B  it  will  be  seen  that  the  interossei  and  lumbricales  of 
the  fourth  and  fifth  fingers  are  not  fully  extending  the  second  and  third  phalanges. 


Fig.  438a. —  Overaction  of  the  extensors  and  flexors  of  the  wrist  and  of  the  extensors  and  long  flexors  of  the  liiigers, 
with  weakness  of  the  interoaaei,  following  a  lesion  of  the  ulnar  nerve  {Case  6). 


FlU.  438/;. — The  same  case  after  training.     Note  the  position  of  the  ring  and  little  flngeis. 


Case  7. — Reflex  spasm  of  the  flexors  of  the  ^<rrist,  interossei,  and  adductor  of  the  thumb 
after  a  gunshot  wound  of  the  forearm  {Figs.  439  A,  B). 

Pie.  J.  C,  was  wounded  in  the  left  forearm  on  June  28,  1918,  with  fracture  of  the  ulna,  and 
on  Aug.  20  was  admitted  to  the  2nd  Northern  General  Hospital. 

Surgical  Ward. 

.\ug.  20. — Wound  through  inner  mai^n  of  left  forearm  about  the  middle.  Wrist  flexed 
45°  ;  cannot  be  extended.  Fingers  straight,  thumb  adducted.  Marked  fimctional  element. 
Fracture  of  ulna  united.     Elbow  normal.     No  volimtary  movement  in  hand. 

Re-educatiox  Department. 

Aug.  24. — Spasm  of  adductor  pollicis  and  interossei.  Rigid  inco-ordination  of  whole  limb 
(not  much  of  shoulder  and  elbow). 
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Sept.  18  (Nerve  lieimrt). — Possibly  a  slight  ulnar  lesion,  as  thei-e  is  a  little  hypo-apsthesia 
on  fifth  digit,  but  all  muscles,  mediaii  and  ulnar,  react  to  faradism.  The  physiopathic  element  is 
the  chief  factor  in  causing  the  disability. 

Oct.  14. — Spasm  not  so  marked. 

Oct.  21. — For  two  months'  leave,  as  curative  measure. 

Jan.  4,  1919. — Greatly  improve*!.  No  flexor  or  adductor  spasm  of  any  kind,  but  extensors 
have  not  yet  fully  recovered  their  tone.     Should  soon  be  well. 

.Ian.  18. — .\11  movements  now  wood.     Full  extension  of  fingers  and  wrist  simultaneously. 


I'IG.  -139  J. — Reflex  spasm  of  the  flexoi-s  of  tlie  wrist,  interossei,  and  adductor  of  the  tliiimb,  after  a  gunshot  wound 
of  tlie  forearm  (Case  7). 


Fig.  439^.— The  same  case  after  training. 

There  are  two  points  of  interest  in  this  case  :  (1)  The  condition  was  a  reflex  spasm 
(Babinski's  'physiopathic' — compare  Case  16)  ;  (2)  When  once  the  patient  knew  the  treat- 
ment, and  was  found  to  be  working  well  at  it,  he  was  given  two  months'  leave,  at  the  end 
of  which  he  was  almost  well. 


FUNCTIONAL    DISABILITY     OF    LIMBS  511 

Case  8. — placcidity  in  flexion  of  the  fingers  and  in  flexion  and  extension  of  the  thumb 
after  compound  fracture  of  the  radius  and  injury  to  the  flexor  poUicis  lonsus. 

Major  J.  C.  P.,  tige  3o,  was  wounded  in  the  right  forearm  and  left  leg  on  Nov.  10,  1917.  and 
was  admitted  to  the  2nd  Xorthern  General  Hospital  on  Feb.  3,  1918,  suffering  from  a  disability 
of  the  hand. 

SuRGiCAi.  Ward. 

Was  hit  on  wTist  by  a  piece  of  high-explosive  shell,  and  sustained  a  compoimd  fracture  of 
the  radius. 

Feb.  5  (X-ray  RejMrt).— Union  has  taken  place  to  some  extent.  One  or  two  small  sequestra 
present. 

Re-educatiox  Department. 

Feb.  13. — Large  gunshot  wound  involving  the  right  radius  above  the  wrist.  A'-rayed.  Radial 
anaesthesia.  Pronation  and  supination  :  Can  pronate  almost  fully,  but  supinate  only  half  way  ; 
passive  pronation  and  supination  :  each  about  three-quarters.  Wrist  :  Movements  good.  Thumli : 
Flexion  almost  nil,  although  flexor  [X)llicis  longus  can  Ije  felt  contracting  well  in  forearm  :  all 
extensors  act  slightly,  but  without  much  result,  for  want  of  counter-tension  ;  opposition  good. 
Fingers  :  Extension  good  ;  flexion  Ncry  fair,  but  incomplete  because  of  organic  stiffness  ;  abduc- 
tion and  adduction  excellent. 

Feb.  22. — Fingers  :  Flexion  nuich  lietter.  Thumb  :  Extension  jjowerful  :  flexion  of  first 
phalanx  good,  opposition  good.  Hand  is  therefore  now  about  as  usefid  as  it  can  Ije  in  the 
presence  of  the  organic  injury  to  lx)ne  and  to  flexor  pollicis  longus. 

-March  5. — Transferred  to  surgeon. 

The  di-sability  in  flexion  of  the  second  phalanx  of  the  thumb  wa.s  due  to  the  organic 
injury  to  the  fle.xor  pollicis  longus.  The  inability  to  extend  the  thumb  or  to  flex  its  first 
phalanx  was  probably  originally  due  to  the  shock  of  the  wound,  and  it  was  kept  up  by 
the  persistent  extension  of  the  thumb,  and  by  the  loss  of  counter-tension  in  the  flexor, 
as  well  as  by  disuse  through  the  mistaken  idea  that  the  whole  trouble  was  organic  (as  the 
patient  himself  freely  admitted).  The  inability  to  flex  the  fingers  was  doubtless  begun 
by  the  shock,  kept  up  by  splinting,  and  ultimately  complicated  by  the  organic  stiffness. 

The  treatment  consisted  in  explaining  how  the  disability  arose,  and  then  in  combined 
passive  movement  and  voluntary  effort  along  the  lines  previously  indicated.  In  this,  as 
in  so  many  cases,  the  duty  of  re-education  was  to  banish  the  non-organic  trouble,  after 
which  the  patient  could  be  handed  over  to  the  surgeon  for  possible  further  treatment. 
This  patient  was  neither  malingering  nor  a  hysteric.  Babinski  objected  to  the  term 
"hysteria,'  and  sought  to  replace  it  by  ' pithiatism, '  which  he  applied  to  any  condition 
which  could  be  produced  by  suggestion,  and  cured  by  the  same  means.  This  w^ould, 
however,  include  most  of  the  habits  in  life,  good,  bad,  and  indifferent  ;  thus,  there  must 
be  few  who  have  ever  begun  or  given  up  the  habit  of  tobacco-smoking  except  under  the 
influence  of  suggestion.  Some  would  retain  the  term  hysteria,  but  limit  it  to  symptoms 
produced  by  suggestion,  and  similarly  curable  ;  but  this  only  transfers  the  difficulty  to 
the  term  "  sjTnptoms. '  Many  disabilities  which  are  still  labelled  hysterical  are  simply 
muscle  habits,  which  have  been  acquired  and  retained  in  quite  as  rational  a  manner  as 
some  of  the  everj'day  habits  of  modem  ci\ilization.  The  really  serious  difficulty,  how- 
ever, is  the  unpleasant  suggestion  of  the  effete  term  "hysteria.'  The  time  will  never  come 
when  patients  will  tamely  submit  to  be  called  hysterical  simply  because  their  medical 
adviser  has  learned  to  water  the  term  down  until  it  has  ver\'  little  solid  content. 

Case  9. — Partial  flaccidity  of  the  w^hole  upper  limb  after  a  gunshot  w^ound  of  the 
arm,  followed  by  organic  paralysis  of  the  musculocutaneous  nerve  through  constriction 
by  cicatricial  tissue. 

Cpl.  M.  W.  B.,  age  22,  was  woundctl  in  the  right  arm  and  back  on  -Aug.  16,  1917,  and  was 
admitted  to  the  2nd  Xorthern  General  Hospital  on  Oct.  17. 

Surgical  Ward. 

Oct.  17.-^Flesh  wounds  of  right  arm  and  back.  Wounds  all  healed.  Xo  oixeration.  Right 
hand  somewhat  cyanotic.     Abduction  of  arm  limited.     Functional  ? 

Re-educatiox  Department. 

Oct.  19. — Wounds  of  neck  and  back.  Also  one  on  dorsum  of  arm.  Shrapnel  still  in.  Whole 
limb  is  feeble.  Shoulder  :  All  movements  feeble  and  incomplete — e.g.,  abduction  is  very  poor. 
Elbow  :  Flexion  and  extension  slow,  hesitating,  and  incomplete.  Wrist  and  hand  :  Complete 
movements,  but  feeble.  Witli  re-education  the  movements  are  less  hesitating,  stronger,  and  more 
complete. 
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Oct.  23. — In  some  ways  the  case  suggests  an  organic  lesion. 

Oct.  27  {Xerve  Report). — All  muscles  of  every  group  give  good  faradic  response. 

Oct.  28. — Absolutely  no  voluntary  response  in  biceps.  Ordered  simultaneous  faradism  for 
ull  muscles  of  the  arm  (musculospiral  and  musculocutaneous  nerves). 

Nov.  5. — Hand  is  improving. 

Nov.  9. — Forearm  and  hand  and  triceps  improving. 

Nov.  20  (Nerve  Feporl). — Biceps  and  brachialis  anticus  show  an  organic  nerve  lesion. 

Dec.  15. — The  limb  is  now  very  much  improved.  The  movements  of  shoulder,  wrist,  and  hand 
are  excellent,  but  the  elbow  is  still  weakened  in  flexion  by  the  loss  of  power  in  the  biceps. 

Dec.  17  {Xeri'e  lieport). — Biceps  gives  a  little  faradic  response  now.     No  sensory  loss. 

Dec.  22. — Biceps  shows  no  voluntary  response  yet.  Ordered  a  caliper  splint  wliicli  allows 
exten  ion  to  90°. 

Jan.  12. — Now  has  splint.  As  this  is  an  organic  lesion  of  the  biceps,  it  would  be  enough  if 
patient  turns  up  in  the  re-education  department  once  a  month  for  supervision. 

Feb.  27. — Biceps  now  shows  voluntary  response.  A'  rays  show  foreign  body  (?  shrapnel) 
interfering  with  the  musculocutaneous  nerve. 

March    9. — Operation  for  removal  of  foreign  body  decided  on. 

March  11. — Operation,  ether.  Foreign  body  found  between  internal  and  lesser  internal 
cutaneous  nerves  and  removed.  There  were  adhesions  around  musculocutaneous  nerve.  These 
were  freed,  and  vaseline  was  smeared  on. 

This  case  is  curious  in  that,  while  the  purely  functional  flaccidity  was  being  rapidly 
cured,  an  organic  nerve  paralysis  developed  through  constriction  by  cicatricial  tissue, 
and  then  gradually  cleared  up  of  itself,  the  foreign  body  being  finally  removed  in  order  to 
prevent  further  trouble. 

Case  10. — Almost  complete  flaccidity  of  the  Tvhole  upper  limb  follo'wing  a  severe 
'wound  of  the  shoulder. 

Pensr.  W.  R.,  age  22,  was  wounded  in  the  right  shoulder  on  July  2,  1916,  and  discharged  from 
the  service.     He  was  admitted  to  the  2nd  Northern  General  Hospital  on  Sept.  17,  1917. 

Re-education  Department. 

Sept.  17. — Previous  History  :  On  July  2,  1916,  was  hit  by  shrapnel  in  region  of  right  shoulder. 
At  once  lost  use  of  his  whole  right  upper  limb,  and  has  never  since  been  able  to  use  it  in  any  way, 
except  that  there  was  a  slight  range  of  movement  in  flexion  and  extension  of  the  fingers. 

Present  Condition  :  (1)  Large  scar  with  centre  about  IJ  in.  below  middle  of  clavicle  ;  shrapnel 
which  caused  the  wound  was  removed  by  same  route.  (2)  Deep  round  scar  in  front  of  shoulder 
about  2  in.  below  acromion  ;  shrapnel  entered  here  and  passed  backwards  and  inwards.  (3) 
Large  scar  in  outer  part  of  infraspinous  fossa  ;  says  shrapnel  of  scar  (2)  was  taken  out  or  came 
out  here.  (4)  Scar  2  in.  by  1  in.  lying  longitudinally  along  groove  on  outer  side  of  biceps,  with 
centre  about  5  in.  above  elbow  ;  says  this  was  an  incision  for  suppuration.  There  is  no  obvious 
reason  why  the  wound  should  have  given  rise  to  the  disability  if  it  is  due  to  organic  lesion  of  the 
ner^'cs.  The  nerves  were  examined  at  the  5th  Southern  General  Hospital,  and  were  stated  to  be 
'all  right.'  Scars  have  been  healed  a  long  time,  except  the  one  in  front  of  shoulder,  which  has 
l>een  healed  only  three  weeks.  The  limb  hangs  limp  by  the  side.  No  active  movements,  except 
that  there  is  very  slight  flexion  and  extension  of  the  fingers.  The  phalanges  are  all  slightly  flexed, 
so  that  the  terminal  phalanges  lie  in  a  plane  at  right  angles  to  that  of  hand.  The  range  of 
movement  of  the  tips  of  the  fingers  is  only  about  an  inch. 

Sept.  20. — Is  showing  slight  signs  of  improvement  in  fingers. 

Sept.  24. — Improving.  All  the  joints  have  fortunately  remained  supple,  and  as  he  is  anxious 
to  get  well,  he  should  improve  rapidly. 

Sept.  27. — Can  abduct  arm  slightly,  flex  elbow  slowly  for  some  distance,  flex  and  extend  wrist 
to  some  extent,  and  flex  and  extend  and  abduct  and  adduct  fingers  slowly  but  almost  perfectly 
as  far  as  range  is  concerned. 

Oct.    6.— Improving  well. 

Oct.  15.— StiU  better. 

Oct.  25. — Can  do  almost  ever>i;hing  but  raise  shoulder  above  horizontal.  Because  of  weakness 
of  humerus  it  is  undesirable  to  try  for  much  more.  The  a;- ray  photograph  shows  (1)  an  oblique 
fracture  of  the  shaft  of  the  bone  about  the  level  of  the  surgical  neck,  and  (2)  a  rounded 
notch  involving  about  half  the  diameter  of  the  shaft,  evidently  marking  the  point  at  which  the 
projectile  had  forced  its  way  through  the  bone. 

Nov.  1. — Cured. 

This  case,  rightly  or  wrongly,  suggested  to  the  writer  that  a  '  muscular  anaesthesia 
of  disuse  '  may  sometimes  be  responsible  for  the  persistence  of  flaccidity.  In  the  monkey, 
section  of  all  the  posterior  (sensory)  nerve  roots  to  a  limb  results  in  motor  paralysis.  Is 
it   not   possible   that   something   like   this   may   take   place  in   a  wounded   hmb   which 
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first  suffers  a  severe  shock  and  then  is  kept  quiet  for  a  long  time  by  means  of  spHnts. 
and  also  by  the  patient's  ignoring  all  reflex  stimuli,  and  suppressing  all  voluntary'  im- 
pulses. Because  the  muscles  do  not  contract,  the  sensor\'  ner\-e-endings  within  them 
and  their  tendons  are  never  stimulated.  The  muscles  are  in  fact  in  a  condition  resembling 
sleep.  \\Tien  finally  the  splints  are  taken  off,  and  the  limbs  may  once  more  be  moved, 
the  muscles  can  only  be  made  to  contract  by  order  of  the  higher  centres.  But,  for  their 
knowledge  and  control  of  the  muscles,  the  centres  depend  upon  the  sensory  ner\e-endings 
themselves,  and  these  remain  quiescent  until  the  tension  within  the  muscles  is  varied  by 
their  contraction.  The  muscles  must  therefore  be  waked  by  both  passive  and  voluntary- 
stimuli.  The  first  contractions  are  chiefly  due  to  the  direct  and  reflex  stimuli  of  the 
passive  movements,  but  the  will  gradually  gains  more  and  more  control. 

Case  II. — Limitation  in  abduction  of  shoulder  (through  spasm)  after  a  fall.     Aphonia. 

Pte.  J.  L.  was  admitted  to  the  2nd  Northern  General  Hospital  on  Nov.  28,  1918. 

ScRGiCAL  Ward. 

Nov.  28. — Accidental  fall  during  ph\-sical  training.  Now  soft  crepitus  felt  over  superior 
angle  of  scapula.     Shoulder  h  Id  stiff  by  muscular  spasm.     No  bone  injury. 

Re-educatiox  Dkpartmknt. 

Dec.  7. — Voluntarj'  abduction  of  shoulder  to  50°,  passive  to  85°.  Spasm  of  pectoralis  major 
and  teres  major.     Crepitus  above  spine  of  scapula.     Scar  of  incision  beside  upper  angle  of  scapula. 

Dec.  14.^ — Voluntary  abduction  to  80°. 

Jan.  2,  1919. — Now  good  action  of  the  deltoid,  but  rotation  of  the  scapula  is  verj'  poor.  None 
of  the  muscles  of  the  shoulder  are  working  well,  except  perhaps  the  upper  part  of  the  trapezius. 

Jan.  14. — Has  had  a  cold.  Aphonia  for  a  week.  Still  sjjeaks  in  a  whisper.  Throat  rather 
sore.  Not  using  abdominal  muscles  at  all.  With  training,  he  recovered  his  voice  in  forty-five 
minutes. 

Jan.     15. — Pain  in  back,  right  and  left  scapular  regions.     Rheumatism  ? 

March  12. — Abduction  of  shoulder  to  vertical.     Cured  ? 

In  this  case  there  is  undoubtedly  an  organic  cause  of  the  crepitus,  which  is  situated 
apparently  in  the  interval  between  the  muscles  of  the  limb  and  those  belonging  to 
the  trunk.  This  type  of  crepitus  has  been  observed  in  several  cases.  It  may  possibly 
be  due  to  a  "rheumatic'  fibrositis.  It  sometimes  follows  fracture  of  the  scapula,  and 
in  this  very  case  the  scapula  had  been  explored  for  fracture  in  the  region  of  its  upper 
angle.  The  aphonia  is  the  first  case  on  record  in  the  department.  In  civil  practice 
the  writer  has  always  relied  upon  the  application  of  lactic  acid  to  the  vocal  cords, 
a  method  which  is  usually  successful  in  a  few  minutes.  In  this  case,  however,  it  was 
decided  to  apply  the  general  principles  upon  which  the  whole  work  of  the  department 
is  based.  The  aphonia  was  due,  not  to  inability  to  approximate  the  cords  or  to  use  the 
muscles  of  the  mouth,  thorax,  or  abdomen,  but  to  an  inco-ordination  of  these  groups. 
Treatment  therefore  consisted  in  training  him  to  use  each  group  in  the  proper  way  at  the 
proper  t»me.     It  is  a  question  of  team  work. 

Case  12. — Tonic  adduction  of  the  arm  complicating;  ankylosis  of  the  shoulder-joint. 

Pensr.  T.  R.,  age  60,  had  his  left  humerus  dislocated  in  November,  1915.  This  remained 
unreduced,  and  he  was  finally  admitted  to  the  2nd  Northern  General  Hospital  on  Jan.  15,  1919. 

Surgical  Ward. 

Jan.  15. — .Arm  held  stilfly  at  side,  but  shoulder  can  be  abducted  passively  through  about 
18°.  Shoulder-girdle  muscles,  especially  deltoid,  ver>-  much  wasted.  Biceps  and  triceps  fairly 
well  nourished.  Forearm  and  hand  normal.  X-ray  Rejxtri  :  Head  of  humerus  has  been  partially 
dislocated  upwards,  and  is  now  ankylosed  to  the  glenoid  cavity. 

Jan.  16. — In  addition  to  his  scapulo-humeral  ankylosis,  he  holds  his  scapula  firmly  fixed  by 
means  of  his  pectorals  and  teres  muscles. 

Re-education  Department. 

Jan.  18. — .All  movements  of  shoulder  extremely  limited.  With  training  he  can  flex  to  about 
60°  and  abduct  to  about  70°  voluntarily.     Severe  pain. 

Jan.  24. — Voluntary  flexion  90°  and  abduction  80°.  The  first  night  after  treatment  he  says 
he  could  scarcely  sleep  for  pain.  Now  he  has  very  little.  Can  now  get  his  left  hand  to  the  back 
of  his  neck    for  the  first  time  for  two  years. 

Jan.  30. — Cured.     Transferred  to  surgeon. 

The  non-organic  disabihty  was  rapidly  cured,  and  then  the  patient  was  referred  to  the 
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surgeon  for  possible  surgical  measures.  The  paticut  states  that  he  had  done  twenty-two 
years'  service,  and  that  he  rejoined  for  this  war.  During  the  erection  of  a  bridge  a  plank 
fell  ui)on  his  shoulder.  It  is  possible,  therefore,  that  the  acromion  was  fractured  and 
slightly  dislocated  downwards.  The  movement  of  the  arm  became  more  and  more  limited, 
until  at  last  it  remained  fixed  at  his  side. 

II.     LOWER     LIMB. 

Cnse  13. — Placcidity  of  the  loner  extensors  of  the  toes  after  a  ^vound  of  the  foot 
causing  extensive   ankylosis   of  the   tarsus  {Figs.  -IJ^)  -i,  B). 

A.-B.  J.  A.  R.,  age  20,  was  wounded  in  the  right  thigh  and  on  the  dorsum  of  the  foot  on 
Dec.  27,  1917,  and  was  admitted  to  the  2nd  Northern  General  Hospital  on  .July  22,  1918. 

Surgical  Ward. 

.luly  22. — Large  sear  on  posterior  and  inner  aspect  of  lower  third  of  right  thigh.  Knee  has 
free  range  of  motion.  Scar  on  dorsum  of  right  foot  and  inner  aspect  of  ankle.  Ankle  free,  full 
range  of  motion.     Toes  and  foot  rather  stiff.     No  power  of  dorsiflexion.     .Y-rayed. 

July  26  (Nerve  Report). — A  degree  of  power  in  all  these  muscles.  The  dorsiflexors  are  weakest, 
probably  owing  to  long  inactivity  and  the  septic  condition  of  woimds  in  the  neighbourhood.  There 
is  some  adhesion  of  the  outer  tendons  of  the  extensors  of  the  toes. 

Sept.  5  (Nerve  Report). — Suggest  removal  of  scars  and  freeing  of  tendons.  The  whole  case 
seems  to  be  one  of  minor  damage,  progress  halting  from  presence  of  scar,  pain,  and  adhesion. 

Re-education  Department. 

Nov.  21. — Tibialis  anticus  working  well,  but  little  or  no  voluntary  power  in  extensor 
digitorum  longus,  peroneus  tertius,  and  other  peronei. 

Dec.  3  (Surgeon'' s  Report). — Stay  in  bed  until  ulcer  is  healed. 

Dec.  12  (Surgeon's  Report). — Ulcer  almost  healed. 

Jan.  3,  1919. — Ulcer  of  thigh  not  yet  healed. 

•Jan.  15. — No  inversion  or  eversion.     This  appears  to  be  organic.     A'-ray  ordered. 

.Jan.  16  (X-ray  Report). — Ankylosis  of  most  of  the  tarsal  and  all  the  tarsometatarsal  joints. 

.Jan.  22. — Now  has  good  extension  and  flexion  of  ankle  and  toes,  so  that  he  may  well  be  taken 
over  by  the  surgeon. 


I'h;.  440. — (.1)  Flaccidity  of  the  extensors  of  the  toes  after  a  wound  of  the  foot  causing  extensive  ankylosis  (Case  Vt). 
(/})  The  same  case  after  trainins. 

Fortunately  the  ankylosis  had  taken  place  in  good  position,  so  that  with  good  flexion 
and  extension  he  can  walk  well.      Further  training  of  the  evertors  would  have  been  useless. 
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Case  14. — Partial  flaccidlty  of  the  foot  after    a   fall  into   a  shell-hole. 

Pensr.  S.  C,  age  37,  fell  into  a  shell-hole  in  February,  1916.  He  was  admitted  to  the  2nd 
Northern  General  Hospital  on  Dec.  3,  1918,  and  at  once  referred  to  the  re-education  department. 

Surgical  Ward. 

Dec.  3. — Fell  into  a  shell-hole  with  a  motor  cycle.  Next  morning  'no  use'  in  right  leg,  but 
he  managed  to  trail  himself  to  a  hospital  without  the  aid  of  a  stick.  Present  condition  purely 
functional.  Peronei  working,  though  weakly.  Fair  dorsiflexion  of  ankle.  He  walks  badly  on 
the  outer  side  of  the  foot,  with  sole  inverted. 

Re-education  Department. 

Dec.  5. — At  first  the  whole  right  limb  was  'almost  useless.'  Gradually  improved,  but  now 
walks  verj'  badly  on  the  outer  border  of  the  foot.  Very  slight  dorsiflexion  of  ankle  (toes  rise  about 
1  in.).  Only  slight  flicker  of  toes  with  long  extensor.  No  voluntary  eversion,  and  almost  no 
inversion,  of  ankle.  With  training  he  rapidly  recovers  considerable  dorsiflexion,  eversion,  and 
inversion. 

Dec.  12. — Requires  light  boots. 

Dec.  19. — Has  proi>er  boots  and  now  walks  perfectly.  No  one  could  tell  which  had  been  the 
<lefaulting  limb. 

This  case  illustrates  a  type  in  which  'excitation'  of  the  foot  is  sometimes  very  effective. 
Hyperextension  of  the  toes  to  the  degree  of  causing  pain  rouses  the  muscles  through  a 
painful  reflex.  The  dorsiflexors  of  the  ankle  and  the  extensors  of  the  toes  respond  at 
once,  and  with  appropriate  passive  movement  and  voluntary  effort  the  peronei  soon  follow 
.suit.  Even  then,  however,  the  patient  may  persist  in  walking  on  the  outer  border  of  the 
foot.  This  is  a  pure  bad  habit,  and  may  be  seen  in  cases  where  from  the  first  everj-  muscle 
pulls  normally  except  in  the  act  of  walking.  The  treatment  consists  in  explaining  the 
habit,  and  then  in  getting  the  patient  first  to  flex  his  thigh  and  leg,  while  at  the  same  time 
dorsiflexing  and  everting  the  foot  :  and  then  to  extend  the  thigh  and  leg,  keeping  the  foot 
dorsiflexed  and  everted.  The  patient  often  inverts  the  foot  before  it  reaches  the  ground,  in 
which  case  he  is  likely  to  be  rapidly  cured.  Sometimes,  in  order  to  get  him  to  put  the  weight 
on  the  inner  border  of  the  foot,  it  is  necessary  for  him  to  walk  with  the  thigh  abducted 
and  the  knee  slightly  flexed.  This  gives  him  a  verj-  awkward  gait,  but  it  will  probably 
con\ince  him  that  the  foot  can  be  kept  everted  even  when  supporting  the  body- weight. 
When  training  begins,  care  should  be  taken  that  patient  has  a  light  pair  of  boots,  the  soles 
of  which  are  not  unevenly  worn  down  :  and  if  he  wears  rubber  heels,  these  must  not  be 
round  and  loose  as  is  so  often  the  case,  but  they  must  be  heel-shaped  and  firmly  attached 
all  over. 

Case  15. — Tonic  inversion  of  the  foot  in  wralkinsr,  and  flaccidity  of  the  peronei,  ovrixig 
to   a  painful  scar  en   the  sole. 

Pte.  A.  C,  age  22,  was  admitted  to  the  2nd  Northern  General  Hospital  on  Nov.  27,  1917,  with 
a  painful  scar  on  the  left  sole  and  disability  in  walking. 

Surgical  Ward. 

Nov.  27. — Healed  wounds  of  left  thigh  and  leg.  Healed  wound  of  sole  of  foot.  Foot  is 
spasmodically  contracted  in  inversion,  so  that  he  walks  on  its  outer  side.    Calf  muscles  contracted. 

Dec.  11  (A'CTX'e  Report). — This  is  a  ease  of  reflex  inco-ordination  due  to  local  causes.  There  is 
no  organic  injury  to  the  nervous  system,  higher  or  lower. 

Re-education  Department. 

Dec.  15. — As  he  lies  in  bed,  there  is  good  dorsal  and  plantar  flexion  of  ankle,  but  peronei  are 
not  working  very  well.  He  walks  on  outer  border  of  foot,  to  save  a  tender  sear  on  inner  side  of 
sole. 

Jan.  5,  1918. — ^The  peronei  are  now  working,  so  that  the  whole  foot  is  normal  in  its  muscular 
apparatus.  There  is  no  spasm,  flaccidity,  or  clonus  as  he  sits  or  lies  with  the  foot  at  rest.  On 
walking,  the  foot  is  markedly  inverted,  but  this  is  purely  to  save  pain  in  the  scar.  Re-education 
is  no  longer  required. 

In  this  case  pain  was  responsible  for  the  production  and  continuance  of  the  disability. 
The  deliberate  suppression  and  neglect  of  the  peronei  resulted  in  complete  loss  of  control, 
so  that  even  when  lying  on  a  couch  he  could  not  evert  the  foot.  Unless  the  painful  scar 
was  removed,  relapse  was  certain. 

Case  16. — Tonic  inversion  of  the  foot,  -with  'oedema  of  the  foot  and  leg,  after  griinshot 
wounds  of  the  leg.     {Figs.  441  A,  B.) 

L.-Cfl.  G.  M.  was  wounded  in  the  left  leg  on  Nov.  20,  1917,  and  admitted  to  the  2nd 
Northern  General  Hospital  on  June  13,  1918. 
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Surgical.  Ward. 

June  13. — Previous  History:  Gunshot  wound  of  left  leg,  no  fracture,  on  Nov.  20,  1917.  Foot 
has  been  swollen  and  painful.  No  operations.  Still  foreign  IkmIv  in  leg.  Wounds  healed  about 
February,  1918.  Foot  was  put  into  plaster  ease  for  twisted  condition.  Removed  after  three 
weeks,  but  no  good  effect.  Present  Ccudition  :  Foot  now  inverted,  swollen,  and  very  painful. 
All  four  small  toes  drawn  down  by  flexors.     Tendo  Achillis  much  contracted. 

Re-education  Department. 

Aug.  26. — Foot  can  be  passively  everted  with  much  effort.  Great  ccdema  of  dorsum  of  foot 
and  even  of  whole  leg  up  to  the  knee.     Blue  and  cold. 

Oct.  28. — Colour  better.  Swelling  much  less,  and  not  nearly  as  much  spasm.  Slight  ^()l^lIlt;l^\• 
power  in  toes  and  ankle  muscles. 

Nov.  18. — Much  more  relaxed.  Gaining  voluntary  power  in  extensor  longus  hallucis,  and 
slightly  (?)  in  extensor  longus  digitorum.  Spastic  flexors  relaxing.  Swelling  less  and  colour 
improved. 

Nov.  30. — (Edema  almost  gone.  Foot  good  colour,  and  considerable  voluntary  power — 
e.g.,  he  can  bring  the  foot  into  fair  position — but  the  tendo  Achillis  and  its  muscles  are  still  too 
tight.     Can  now  wear  a  boot  with  eversion  chain. 

Dec.  17. — Gradually  improving. 

Jan.  10,  1919. — Should  soon  be  able  to  leave  hospital. 


A  n 

FIG.  441 — (J)  Tonic  iiivenioii  of  the  foot,  with  (cdema  of  the  foot  and  leg,  after  giuishot  wouiitU  of  the  leg  (Case  16). 
{Ji)  The  same  case  after  training. 


This  type  of  case  Babinski  has  termed  'physiopathic,'  and  he  has  detailed  numerous 
signs  by  which  such  cases  may  be  distinguished  from  purely  functional  ones— as,  for  example, 
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vasomotor  disturbance,  increased  irritability  of  the  muscles  to  direct  mechanical  stimula- 
tion, prolonged  contraction,  and  so  on.  Although  Babinski  thinks  ultimate  recoverv- 
likely,  he  does  not  appear  to  consider  treatment  of  much  value.  There  is  no  doubt, 
however,  that,  whatever  may  be  their  origin,  these  cases  sometimes  respond  to  treatment 
very  well.  At  the  2nd  Northern  General  Hospital,  little  difference  is  made  in  their  treat- 
ment, although  dried  extract  of  thyroid  (?  parathvToid)  gland  has  sometimes  seemed  to 
be  of  value. 


-(A)  Eversion  chain,  crossed,  with  spring.    (S)  Eversion  cliain,  nncrrosed. 3^The  cliain  passes  through 
the  spring,  and  in  this  figure  it  is  taut. 


In  all  forms  of  drop-foot,  and  more  particularly  in  those  due  to  a  nerve  lesion  or 
where  there  is  tonic  inversion,  it  is  desirable  to  evert  the  foot  well.  This  can  only  be  done 
by  a  pull  acting  in  front  of  the  mid-tarsal  articulation.  For  this  purpose  the  writer  has 
added  to  the  apparatus  in  general  use  in  the  hospital  an  eversion  chain,  which  may  be 
described  as  'arising  from'  an  upright  on  either  the  inner  or  the  outer  side  of  the  leg,  and 
being  '  inserted  into  '  a  metal  attachment  on  the  boot  opposite  the  base  of  the  fifth  meta- 
tarsal {Fig.  442  A,  B).  In  some  cases  the  chain  acts  better  from  an  outer  upright,  and 
sometimes  better  still  when  the  'origin'  is  at  the  level  of  the  upper  border  of  the  boot.  A 
spring  is  often  useful,  and  if  the  chain  be  passed  through  it  and  so  attached  to  it  as  to 
leave  two  or  three  links  relaxed  within  the  spring,  then,  when  the  spring  has  yielded  to 
its  proper  length,  the  chain  becomes  taut  and  prevents  overstretching. 
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Case  17. — Placcldlty  of  the  foot  and  pelvic  drop  after  a  erunshot  -wound   of  the  ankle. 

Pte.  W.  S.  was  admittetl  to  the  2nd  Northern  General  H()s|)ital  on  July  .'JO,  1!»18.  with  i\  healed 
jrinishot  wound  of  the  left  ankle-joint  and  drop-foot. 

Surgical  Ward. 

Aug.  1. — Scar  on  lower  half  of  left  leg  posteriorly — the  point  of  entrance  of  the  bullet.  Scar 
on  dorsum  of  foot  and  front  of  ankle,  from  o|M;ration.  Healcfl  about  one  month.  Foot  is  dropped, 
with  no  power  of  dorsiflexion. 

Aug.  13  (Sene  lieporl), — No  nerve  injury.     All  muscles  will  work  with  persuasion. 

Re-education  Department. 

Aug.  29. — No  nmscles  pull  to-day. 

Sept.  6. — All  muscles  contract  in  ankle  and  foot. 

Oct.  4. — Extensor  hallucis  pulling  better. 

Nov.  14. — All  muscles  pulling  well,  and  movements  of  foot  quite  good.  Still  complains  of 
pain  in  ankle,  which  makes  him  limp,  and  there  is  still  pelvic  drop  to  the  right. 

Nov.  23. — Pelvic  drop  has  improved,  but  very  difficult  to  treat,  because  he  cannot  put  full 
weight  on  the  foot. 

Nov.  29. — Pain  rather  better. 

Dec.  3. — Very  little  pain.  This  comes  on  after  he  has  been  resting  the  limb,  and  passes  off 
with  exercise.     Now  almost  well.     Should  recommend  two  months'  leave. 

The  pain  in  the  foot  interfered  with  and  prolonged  the  treatment.  There  is  no  valid 
reason  for  supposing  that  it  was  purely  functional. 

In  the  treatment  of  pelvic  drop  when  drop-foot  is  present,  an  eversion  chain  is  a  great 
help,  since  it  stabilizes  the  foot  (see  Fig.  442). 

Case  18. — Limitation  in  flexion  of  the  knee  after  a  gunshot  ^vound  of  the  hamstringTB. 

Bombr.  H.  P.  was  admitted  to  the  2nd  Northern  General  Hospital  on  Oct.  10,  1918,  with  a 
severe  wound  of  the  back  of  the  right  thigh. 

Surgical  Ward. 

Oct.  10. — Cicatrix  along  posterior  aspect  of  right  thigh.  Small  disdiarging  ulcer  in  centre. 
Large  amount  of  scar  tissue.  Marked  twitching  of  thigh  muscles.  Marked  tenderness  in  region 
of  scar.  Not  able  to  extend  leg  beyond  125°.  Slight  power  in  extension  and  flexion  of  toes. 
Drop-foot  splint. 

Oct.  17. — Thomas's  knee  caliper.     Right  sole  and  heel  to  be  raised  one  inch. 

Oct.  26. — Minor  lesion  of  external  popliteal  branch  of  sciatic  nerve.  All  muscles  are 
working,  and  are  in  a  good  state  of  nutrition. 

Nov.  29. — Acute  tenderness  over  scar. 

Re-education  Department. 

Dec.  13. — Condition  appears  to  be  non-organic.  If  so,  he  should  do  well.  At  the  same  time 
there  is  considerable  loss  of  muscle  tissue.  The  Thomas  splint  and  thick  sole  and  heel  should  be 
removed.  Later  :  After  an  hour's  treatment,  he  is  at  times  able  to  straighten  the  knee  volun- 
tarily, and  he  walks  much  better.     Massage  to  be  stopped. 

Dec.  16. — Doing  well.     To  have  light  boots. 

Jan.  6,  1919.— Walks  with  knee  straight,  but  there  is  tension  on  the  scar,  and  it  keeps  breaking 
down  in  the  centre. 

Jan.  10. — Would  surgeon  consider  plastic  operation  ? 

There  was  pain  on  movement,  and  much  loss  of  muscle  tissue,  and  tension  on  the 
scar  both  superficial  and  deep.  This  made  it  difficult  for  him  to  recover  full  extension 
of  the  knee,  and  equally  difficult  to  retain  it,  an  exceptionally  strong  effort  of  the  will 
being  required  both  to  contract  the  quadriceps  and  to  relax  the  hamstrings.  In  such  a 
case  the  tension  should  as  far  as  possible  be  relieved  by  surgery,  to  reduce  this  effort  to 
the  normal. 

Case  19. — ^liiiuitation  in  flexion  of  the  knee  and  pelvic  drop,  after  a  g^unshot  w^ound  of 
the  leg. 

Cpl.  P.  S.  was  wounded  through  the  right  leg  on  Aug.  11,  1917,  and  was  admitted  to  the  2nd 
Northern  CJeneral  Hospital  on  April  9,  1918. 

Surgical  Ward. 

Incomplete  extension  of  knee  (to  within  30^^  of  straight),  and  dorsiflexion  of  ankle.  Foot  is 
weak.     Walks  slowly  with  a  limp.     Small  scar  over  calf. 

April  16. — Scar  stretched  without  much  difficulty  under  ether.  Knee  put  into  extension, 
foot  in  dorsiflexion. 

Re-education  Department. 

May  25. — Slight  limitation  in  flexion  of  knee.  No  disability  of  foot.  Marked  drop  of  pelvis 
on  the  left.  When  this  is  cured,  gait  will  be  normal.  He  now  walks  on  his  toes,  but  with  special 
pelvic  exercises  he  does  well. 

May  28. — -Now  scarcely  a  limp. 
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In  this  case  the  shock  of  the  original  wound  probably  caused  a  flaccidity  of  the  right 
limb,  which  persisted  in  the  abductors  of  the  hip,  and  so  led  to  a  peKic  drop  on  the  left 
side,  the  apparent  increase  of  length  in  the  left  limb  being  compensated  by  walking  on 
the  right  toes,  which  was  all  the  more  necessarj-  when  the  knee  was  flexed.  The  i)elvis 
is  treated  as  follows.  By  means  of  a  model  the  mechanism  of  the  disabiUty  is  explained 
to  the  patient,  and  then  by  alternate  elevation  of  the  hips  and  by  simultaneous  abduction 
and  adduction  of  the  limbs  to  right  and  left  alternately,  he  is  shown  that  either  limb  can 
be  made  to  appear  the  longer  or  the  shorter,  according  to  their  {X)sition  in  relation  to  the 
pehis.  He  is  then  trained  (1)  on  his  back  :  (a)  to  elevate  the  hips  alternately,  with  the 
lower  limbs  fully  extended  ;  (6)  to  flex  the  lower  limbs  alternately  (hip,  knee,  and  ankle)  ; 
(c)  to  combine  the  two  pre\ious  exercises.  He  now  (2)  stands  up,  and  is  trained  :  (a)  to 
'mark  time,'  with  full  elevation  of  the  hips  and  flexion  of  the  hips,  knees,  and  ankles  ; 
(b)  to  continue  the  pre\ious  exercise,  but  stepping  out  a  little  and  gradually  moderating 
the  elevation  and  flexion  ;  (c)  to  alight  on  the  heel,  advance  on  the  sole,  and  step  off 
from  the  toes.  In  a  few  cases  a  single  lesson  cures  the  bad  habit  ;  but  usually  some 
after-training  is  required,  while  a  few  cases  show  little  response. 

Case  20. —  Flaccidity  of  the  quadriceps  and  pelvic  drop  after  a  srunshot  wound  of  the 
knee  -with  rupture  of  the   infrapatellar  ligament. 

Pte.  C.  P.,  age  30.  was  wounded  on  March  28,  1918,  and  admitted  to  the  2nd  Northern  General 
Hospital  on  July  26. 

SiRGiCAL  Ward. 

.July  26. — Left  knee  shows  healed  scar  just  below  patella  and  over  infrapatellar  ligament. 
Scar  is  very  painful.  No  power  in  quadriceps.  Whole  leg  must  be  supported.  SUghtest  passive 
movement  of  knee-joint  is  painful.     On  palpation,  the  only  painful  spot  is  the  scar. 

Aug.  15. — Operation,  ether.  Infrapatellar  ligament  found  torn  away  from  its  insertion. 
Freed  and  sutured. 

Sept.  10. — Foot  can  be  raised  from  the  bed.     Up  and  about  on  crutches. 

Sept.  24. — Knee  can  be  flexed  to  ripht  angle. 

Oct.  15. — Cannot  extend  leg  yet. 

Re-educatiox  Departmknt. 

Oct.  24. — Quadriceps  is  tin-  cause  of  the  disability  now.  Little  or  no  voluntary-  contraction. 
Full  range  of  passive  moveiiunt  without  pain.     Walks  without  knee  flexion,  and  uses  two  sticks. 

Nov.  15. — Quadriceps  has  now  distinct  jwwer,  but  functions  poorly.  Patient  still  requires 
two  sticks.  With  training  he -can  extend  the  knee  much  Ixjttcr.  Has  quite  a  fair  kick,  and  he 
can  walk  a  little  way  without  support. 

Nov.  19. — Improved. 

Nov.  29. — Slight  drop  of  pelvis  on  the  right. 

Jan.  8,  1919. — Limp  almost  imperceptible. 

In  such  a  case  as  this,  treatment  of  the  functional  disability  must  be  postponed  until 
the  surgeon  has  remedied  the  organic  defect.  It  is  often  verj'  difficult  to  decide  whether 
the  disabiUty  is  organic  or  functional,  or  mixed  ;  and,  if  mixed,  what  the  first  treatment 
should  be,  surgerj-  or  re-education. 

Case  21. — P^accidity  of  the  quadriceps  and  pelvic  drop  after  Runshot  w^ounds  of  the 
thigh. 

Pte.  C.  I.  was  admitted  to  the  2nd  Xorthem  General  Hospital  on  Oct.  22,  1918,  walking  on 
crutches. 

Surgical  Ward. 

Oct.  25. — Two  scars  on  left  thigh.  Whole  limb  wasted.  Considerable  limp,  with  pain  referred 
to  front  of  patellar  attachment. 

Re-educatiox  Department. 

Oct.  26. — Pain  just  above  patella  on  movement  of  knee.  AU  muscles  of  limb  and  foot  acting, 
but  quadriceps  quite  feeble  at  all  times.  In  walking,  patient  limps  badly,  using  right  limb  almost 
entirely  to  carry  body-weight,  and  keeping  left  knee  partly  flexed.  Non-organic  weakness  of 
quadriceps  seems  entire  cause  of  disability. 

Nov.  1. — To  have  light  boots. 

Nov.  8. — Gait  improved. 

Nov.  14. — Ung.  methyl  saUcyl.  for  left  knee.     Exercises  for  right  pehic  drop. 

Nov.  21. — Walks  without  support  quite  fairly  weU.     Quadriceps  excellent. 

Nov.  22. — Verv  marked  improvement. 

Nov.  29. — Cured. 
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The  pain  in  this  case  vanished,  and  the  function  of  the  Hnib  was  completely  restored. 
Light  boots  are  usually  necessary,  and  methyl-salicylate  ointment  is  sometimes  useful. 
It  might  be  mentioned  here  that  in  one  or  two  cases  there  has  been  some  dilliculty 
in  deciding  whether  the  shortening  of  the  one  limb  was  actual  or  only  aj)parent.  This 
may  be  settled  by  measuring  in  the  usual  way  the  distance  on  the  two  sides  between  the 
upper  border  of  the  great  trochanter  and  the  lower  border  of  the  internal  malleolus.  Since 
abduction  of  the  limb  lessens,  whereas  adduction  increases,  the  distance  between  the 
anterior  superior  spine  of  the  ilium  and  the  internal  malleolus,  the  above  test  may  be 
confirmed  in  the  following  way.  If  the  patient  lies  down  with  the  limbs  placed  side-by- 
side,  and  if  the  perpendicular  from  the  midpoint  between  the  spines  passes  between  the 
feet,  then  the  difference  in  level  of  the  internal  malleoli  is  the  difference  in  the  actual 
length  of  the  limbs.  It  is  well  to  bear  in  mind  that  organic  shortening  is  shown  by 
a  drop  of  the  pelvis  on  the  side  of  the  injured  limb,  whereas  pelvic  drop  due  to 
flaccidity  is  usually  on  the  opposite  side.      13oth  conditions  may  of  course  be  present. 

Case  22. — Incomplete  flaccidity  of  the  w^hole  lo"wer  limb  follovrlns  a  bullet  -wound  of  the 
thisrh,   and  complicated  by  fluid  in  the  knee-joint. 

Pte.  C.  B.  was  admitted  to  the  2nd  Northern  General  Hospital  on  July  20,  1918. 

Surgical  Ward. 

July  20. — Through-and-through  bullet  wound  of  right  thigh.  Some  atrophy  of  thigh  and 
leg  muscles.  Knee  cannot  be  flexed  beyond  100°.  Tendency  to  equinovarus  when  foot  is  at 
rest.     Pain  extending  down  anterior  aspect  of  leg.     Can  evert,  invert,  and  dorsiflex  foot  quite  well. 

Sept.  6. — No  i>ower  of  dorsiflexion.  Anterior  tibial  group  of  muscles  acting  very  sluggishly, 
if  at  all. 

Sept.  13  (Nerve  Report). — Not  much  in  the  way  of  nerve  injury.  All  mu.scles  react  readily 
to  faradism. 

Re-ed   cation  Department. 

Sept.  21. — Disability  of  entire  limb,  but  much  improved.  All  muscles  act  with  excitation, 
but  there  is  some  inco-ordination  in  voluntary  movement. 

Oct.  5. — Almost  no  power  in  ankle  and  toes.  Very  little  in  knee  (feeble,  hesitating)  ;  rather 
better  at  hip.  A  general  flaccidity  of  the  right  lower  limb  (incomplete),  with  left  pelvic  drop. 
There  is  some  fluid  in  knee,  and  patient  complains  that  knee  often  gives  way  in  walking. 

Surgical  Ward. 

Oct.  11. — Effusion  in  right  knee,  limiting  flexion. 

Oct.  18. — General  wasting  of  quadriceps  and  exten.sor  structures  about  knee-joint. 

Nov.  8. — No  effusion  in  joint. 

Re-education  Department. 

Nov.  16. — Foot  is  still  very  flaccid.  Some  voluntary  dorsiflexion.  Very  little  use  of  extensor 
longus  digitorum  and  peronei. 

Nov.  22. — All  muscles  of  lower  limb  working  well.  Good  extension  of  knee,  good  dorsiflexion 
and  eversion  of  foot. 

Dec.  13. — Quadriceps  is  still  not  so  well  developed  as  on  the  left  side,  but  patient  has  complett- 
control  of  the  limb,  and  there  is  no  pelvic  drop. 

The  development  of  the  fluid  in  the  knee-joint  showed  that  there  was  a  considerable 
organic  basis  for  the  purely  functional  trouble,  and  for  a  time  it  made  treatment  impos- 
sible. -' 

Case  24. — ^Complete  flaccidity  of  the  lo-wer  limb  accompanyiner  w^ound  of  the  quadriceps 
with  subsequent  overstretching. 

Pte.  H.  D.,  age  34,  received  a  gunshot  wound  of  the  left  knee  on  April  11.  1917,  and  lie  was 
admitted  to  the  2nd  Northern  General  Hospital  on  Nov.  22. 

Surgical  Ward. 

Nov.  22.— Small  scar  over  upper  part  of  patella,  and  small  sinus  two  or  three  inches  above 
joint  on  popliteal  surface  of  thigh.  Bits  of  bone  arc  said  to  come  out  at  times.  No  interference 
at  joint  with  flexion  or  extension.  Abnormal  lateral  mobility  and  rotation  present.  No  abnormal 
antero-posterior  mobility.  No  excess  of  fluid,  patella  movable,  no  points  of  tenderness,  sli^rlif 
crepitus  on  flexion  and  extension.  Apparently  no  j)ower  either  to  flex  or  extend  the  joint.  TIki( 
is  a  good  deal  of  atrophy  of  thigh,  less  of  calf;  much  weakness  in  flexion  and  extension  of  foot. 
A^-ray  ordered. 

Dec.  1. — X-ray  shows  clean  perforation. 

Dec.  6  (Nerve  Report). — No  area  of  anaesthesia.  All  muscles  respond  to  faradism  and  have 
voluntary  power. 
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Dec.  14. — Popliteal  sinus  to  be  irrigated  with  eusol  daily.  Continue  back  splint  to  knee. 
Daily  massage  of  anterior  thigh  muscles  and  hip  muscles — avoiding  region  of  sinus,  and  gently 
over  knee — and  of  whole  leg. 

Dec.  21. — Sinus  practically  closed  from  bottom,  and  now  only  a  small  superficial  granulating 
surface. 

Dec.  29  (Serve  Report). — .\1I  muscles  which  control  knee  respond  to  faradism.  They  are  much 
atrophied.     Faradism  of  quadriceps  ordered. 

Jan.  1,  1918. — Wound  healed. 

Re-edlcation'  Dep.4rtmext. 

Jan.  18. — Complete  disability  of  left  knee.  Quadriceps  absolutely  flaccid.  Hamstrings 
flaccid,  but  semitendinosus  shows  some  flickering.  Cannot  keep  the  leg  vertical  as  he  lies  on  his 
face.  With  re-education  semitendinosus  and  biceps  work  better,  and  he  can  keep  the  leg  up 
(with  great  difficulty).     Quadriceps  has  lieen  badly  stretched. 

Jan.  22. — Can  keep  his  leg  vertical  quite  easily  when  on  his  face. 

.Jan.  23. — Can  hold  leg  up  even  when  flexed  less  than  90'. 

Jan.  '25. — Can  now  as  he  lies  on  his  face  easily  flex  the  knee  from  full  extension  through  the 
full  range.  Quadriceps,  however,  is  still  absolutely  refractory  ;  there  is  not  even  a  flicker,  although 
tapping  on  the  infrapatellar  tendon  produces  a  sharp  contraction. 

Feb.  10. — Improving. 

Feb.  17. — ShoMm  at  Consultation  Board.     Quadriceps  has  been  stretched  alxjve  the  patella. 

March  8. — Sir  Robert  Jones  ortlers  caliper  splint  allowing  20"  of  flexion. 

Reviewing  this  case  nine  months  later,  one  cannot  help  wishing  that  one  might  take 
it  in  hand  again  in  order  to  re-educate  the  quadriceps.  It  is  just  possible  that  later 
methods  might  have  been  successful. 

CONCLUSION. 

Detailed  Diagnosis. — ^The  functional  is  sometimes  so  elusive  that  no  disability  should 
l>e  diagnosed  as  wholly  organic  without  the  most  searching  examination.  One  of  his 
surgical  colleagues  recently  told  the  writer  that,  in  order  to  avoid  overlooking  anj-thing, 
he  now,  when  he  sees  a  new  case,  always  first  asks  himself,  "  Can  there  be  an\'thing 
functional  in  this  ?  "  It  is  not  enough  to  form  a  general  diagnosis.  Everj-  s-tructure  of 
the  part  must  be  examined.  In  most  cases  the  problem  is  rapidly  reduced  within  small 
dimensions,  although  within  these  limits  it  may  be  intricate  enough. 

Detailed  Treatment. — Elach  muscle  must  be  taught  to  function  properly — that  is 
to  say,  to  contract  and  relax  at  will,  and  so,  by  acting  at  the  proper  moment  with  the 
proper  degree  of  force,  to  secure  complete  co-ordination  of  all  the  muscles  of  the  part.  In  a 
case  of  drop-foot,  the  man  must  be  taught  not  ordy  to  walk  and  to  raise  the  ankle,  but  also 
to  make  full  use  of  the  long  extensors  of  the  toes.  In  particular,  in  a  mixed  organic  and 
functional  case,  the  more  crippling  the  organic  disability,  the  more  important  may  it  be 
that  the  functional  disability  should  be  cured. 

Mental  Attitude  of  the  Patient. — This  is  usually  good.  At  first  no  doubt  he  is 
often  sceptical,  but  this  is  only  natural  if  he  has  for  some  time  been  under  various  forms 
of  treatment  with  little  or  no  result.  On  a  bench  in  one  of  the  lecture  theatres  in  the 
legal  department  of  the  University  of  Edinburgh,  a  long-suffering  student  once  car\-ed 
the  words,  "  How  long,  O  Lord  ?  " — and  these  seem  to  be  the  sentiments  of  many  a  patient 
who  finds  himself  for  the  first  time  in  the  department.  As  a  rule,  however,  he  soon  comes 
to  see  that  if  through  wounds  or  physical  or  mental  strain  his  muscles  have  fallen  into  bad 
habits,  there  is  no  reason  why  these  habits  should  not  be  overcome  with  training.  Above 
all,  he  realizes  that  while  the  training  is  directed  by  the  staff,  the  muscles  must  be 
constantly  disciplined  by  himself.  Many  of  these  men  are  verj'  keen,  and  their  steady 
but  gradual  progress  would  appear  to  justify  the  belief  that  there  is  nothing  hysterical 
about  their  disabiUty.  The  condition  may  be  purely  functional,  but  it  is  an  abuse  of 
language  to  apply  to  these  men  a  term  which  has  for  centuries  carried  with  it  a  more 
than  half  contemptuous  suggestion  of  hN-per-femininity. 

Team  Work. — The  treatment  of  these  cases  is  essentially  a  matter  of  team  work. 
Before  re-education,  the  case  is  seen  by  a  surgeon  ;  and  incidentally  it  may  be  remarked 
that  it  woidd  be  no  bad  thing  if  the  converse  were  more  often  practised,  so  that   before 
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surgical  treatment  was  begun  the  case  were  seen  by  a  re-educator.  If  there  is  a  doubt 
as  to  the  involvement  of  a  nerve  in  an  organic  lesion,  a  confirmatory  report  is  obtained 
from  the  electrical  department.  After  the  wounds  have  healed,  the  surgeon  will  in  some 
cases  be  called  upon  to  restore  the  structures  as  far  as  possible  to  the  normal  before 
re-education  is  undertaken  ;  in  others  re-education  may  begin  at  once.  In  either  case, 
when  the  one  form  of  treatment  has  reached  its  limit,  the  other  should  be  called  upon  to 
do  what  it  can  towards  removing  any  residual  disability.  In  this  way  the  case  may  change 
hands  several  times,  and  the  writer  is  glad  to  have  this  opportunity  of  expressing  his 
hearty  thanks  to  his  surgical  and  other  colleagues  for  their  co-operation  in  the  work. 
Above  all,  however,  he  is  indebted  to  I^ieutenant-Colonel  Littlewood,  Officer  Com- 
manding the  2nd  Northern  General  Hospital.  It  was  Colonel  Littlewood's  insight  into 
the  needs  of  these  cases  which  led  to  the  formation  of  the  department,  and  but  for  his 
confidence  and  encouragement  in  the  face  of  many  difficulties,  the  department  might 
long  ago  have  ceased  to  exist.  The  writers  thanks  are  also  due  to  Colonel  Littlewood 
for  permission  to  publish  the  above  cases  from  the  records  of  the  hospital,  and  to  the 
Medical  Research  Committee,  without  whose  financial  aid  the  department  would  have 
been  without  photographs. 
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DIGESTION    OF    THE    (ESOPHAGUS    AS    A    CAUSE    OF 
POST-OPERATIVE    HiEMATEMESIS. 

Bv  J.   HOGARTH    PRINGLE   and   JOHN    H.   TEACHER,  Glasgow. 

INTRODUCTION. 

PosT-MORTE-M  digestion  of  the  oesophagus,  and  digestion  of  the  oesophagus  occurrino- 
during  Hfe  or  '  oesophagomalacia,'  are  described  in  the  text-books  of  pathologj-.  SHght 
degrees  of  the  former  condition  are  common  ;  the  latter  is  stated  to  be  extremely  rare, 
and  the  connection  between  it  and  vomiting  of  black  material  or  actual  hsematemesis 
following  operation  app>ears  to  have  escaped  recognition. 

Adami  and  Xicholls^  mention  oesophagomalacia  as  an  agonal  manifestation  in  cases 
of  cerebral  disease,  and  Shennan-  refers  briefly  to  post-mortem  digestion  of  the  oesophagus. 
Kaufmann^  describes  post-mortem  digestion  in  sufficient  detail,  and  states  that  slight 
degrees  of  it  are  common — a  statement  which  we  can  confirm.  Intra-vitam  oesophago- 
malacia of  great  extent  is  said  by  this  writer  to  be  rare,  but  a  few  cases  of  'ulcus  a 
digestione'  have  been  reconled.  He  describes  a  case  of  cirrhosis  of  the  liver  in  which 
there  were  extensive  digestion  and  perforation  very  like  that  seen  in  some  of  the  present 
cases  ;  there  was  thrombosis  in  the  varicose  veins  which  he  regarded  as  of  etiological 
importance.  Perforation  of  varicose  veins  of  the  oesophagus  in  cirrhosis  of  the  liver  has 
frequently  been  seen  by  one  of  us,  but  is  quite  a  different  thing  from  the  acute  digestion 
with  which  this  paper  deals. 

In  considering  the  subject  of  jwst-operative  hsematemesis,  one  must  exclude  those 
cases  in  which  the  symptom  follows  upon  some  direct  surgical  interference  with  the  stomach 
itself,  and  also  that  class  of  patient  who  suffers  from  a  gastric  or  duodenal  ulcer  at  the 
time  of  undergoing  an  operation  for  some  altogether  different  disease.  In  the  latter  case 
haemorrhage  may  begin  from  an  old-established  ulcer  the  existence  of  which  has  not  been 
known,  and  which,  in  other  instances,  may  perforate  with  disastrous  results,  should  the 
accident  not  be  recognized. 

Apart  from  these  cases,  i>ost-operative  haematemesis  is  a  sj-mptom  of  great  importance 
to  the  practical  surgeon,  and  associated  with  serious  danger  to  the  patient.  Fortunately 
it  is  not  of  frequent  occurrence,  for  many  patients  who  develop  this  symptom  die.  Although 
the  death  cannot  always  be  said  to  be  brought  about  by  the  haemorrhage — as  many  of  the 
patients  are  in  a  state  of  profound  toxaemia  and  the  amount  of  blood  vomited  is  frequently 
>inall — still  there  are  cases  on  record  where  large  quantities  have  been  vomited,  which 
<(>uld  only  have  hastened  the  fatal  termination.  On  the  other  hand,  those  patients  who 
recover  after  this  symptom  has  developed,  do  so  only  after  passing  through  a  period  which 
is  extremely  critical  for  themselves,  and  not  less  anxious  for  those  responsible  for  their 
treatment. 

The  haematemesis  usually  sets  in  early  after  the  operation  ;  but  in  one  of  the  cases 
here  reported  {Case  4),  the  patient  vomited  blood  l>efore  the  operation  was  carried  out  as 
well  as  afterwards — a  fact  of  considerable  importance  in  its  bearing  on  this  subject.  In 
tlie  majority  of  cases  that  have  been  recorded,  the  amount  of  blood  vomited  at  one  time 
lias  l)een  small,  and  this  is  in  accordance  with  our  personal  experience  of  these  cases. 
The  fluid  ejected  is  usually  extremely  acid,  and  those  patients  who  are  sufficiently  con- 
scious to  l)e  able  to  express  themselves,  frequently  complain  of  the  scalding  effect  which 
it  has  upon  the  throat  and  lips. 

Attention  seems  to  have  been  directed  to  the  subject  in  the  first  instance  by  Von 
Eiselsberg,*  who  in  1899  reported  the  cases  of  seven  patients,  five  of  whom  had  undergone 
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operations  for  hernia,  and  two  for  rectal  carcinoma — all  of  them,  however,  involving  the 
peritoneal  cavity.  In  five  of  these  cases  haematemesis  set  in  after  operation,  and  three 
of  them  (hernia  cases)  recovered  ;  of  the  other  two,  one  (a  hernia  patient)  died  thirty- 
eight  hours  after  operation,  and  at  the  post-mortem  examination  "  recent  gastric  and 
duodenal  ulcers  "  were  found  ;  the  other  patient  (a  rectal  carcinoma)  developed  ha;ma- 
temesis  on  the  second  day  and  died  on  the  ninth,  and  post  mortem  a  "  deep  duodenal 
ulcer  "  was  found  which  "  appeared  to  be  recent."  In  his  remaining  two  cases  no  vomit- 
ing occurred  at  all,  but  both  patients  died  ;  in  one  "  about  thirty  gastric  erosions  "  were 
found  post  mortem,  while  in  the  other  case  (a  rectal  carcinoma)  "  numerous  recent  haemor- 
rhages were  found  in  the  gastric  mucous  membrane."  In  six  of  the  seven  cases  either 
the  omentum  or  the  mesorectum  had  been  ligated,  and  Eiselsberg  considered  the  source 
of  the  bleeding  might  be  explained  by  a  retrograde  thrombosis  or  embolism  of  gastric 
vessels  from  the  stump  of  the  omentum  or  mesorectum,  followed  by  necrosis  and  digestion 
of  the  area  involved. 

It  is  quite  possible  that  in  some  of  the  cases  that  have  been  met  with  this  explanation 
is  the  correct  one  ;  Wilkie^  has  shown  by  experiment  that  ulceration  of  the  stomach  can 
be  produced  in  this  way,  and  that  a  well-deflned  ulcer  can  develop  within  two  days  ol 
causing  the  embolism. 

Since  Von  Eiselsberg's  paper  was  published,  cases  of  post-operative  haematemesis 
have  been  recorded  which  have  gone  on  to  a  fatal  termination,  and  in  which  erosions  of 
the  gastric  membrane  have  been  found  post  mortem.  Again,  other  cases  have  been 
reported  in  which  no  cause  for  the  bleeding,  at  any  rate  from  the  stomach,  could  be  found 
after  death.  Rodman^  has  suggested  that  these  cases  might  be  due  to  sepsis  and  the 
alteration  in  the  blood  which  results  therefrom,  in  consequence  of  which  the  blood  is 
capable  of  exuding  through  apparently  intact  mucous  membrane. 

The  anaesthetic  has  been  blamed  by  some  Avriters,  but  beyond  acting  as  a  predisposing 
cause  by  exciting  vomiting  after  operation,  it  does  not  seem  to  us  to  be  likely  to  play 
any  part  in  the  process. 

The  clinical  experience  of  one  of  us  (J.  H.  P.)  in  this  connection  has  to  do  with  18 
patients,  of  whom  7  recovered  after  going  through  illnesses  of  the  gravest  possible  nature, 
which  must  have  proved  fatal  in  every  instance  had  it  not  been  for  the  most  excellent 
nursing  which  they  received.  The  diseases  from  which  these  seven  patients  suffered  were 
very  varied  in  their  nature,  but  6  of  them  underwent  abdominal  operations — viz.,  for 
gangrene  of  gall-bladder,  2  ;  thrombosis  of  the  superior  mesenteric  vein,  1  ;  umbilical 
hernia,  1  ;  ovarian  cystoma,  1  ;  volvulus  of  bowel,  1  ;  while  the  seventh  patient  had  a 
mamma  amputated  for  carcinoma :  as  these  all  recovered,  it  is  impossible  to  say  what  may 
have  been  the  source  of  the  bleeding.  Eleven  of  the  patients  died,  and  in  4  of  these  a 
post-mortem  examination  was  not  permitted  (1  umbilical  hernia  with  extensive  resection 
of  bowel,  and  3  acute  suppurating  appendix  cases).  Post-mortem  examinations  were 
made  in  the  remaining  7  cases.  Of  these,  one  patient  was  operated  for  what  proved  to 
be  a  ruptured  ovarian  cystoma,  and  post  mortem  the  portal  vein  was  found  thrombosed, 
so  that  the  vomiting  of  blood  in  this  case  must  be  looked  on  as  analogous  to  that  which 
occurs  in  cirrhotic  liver  ;  one  was  a  ct^se  of  gall-stones,  and  post  mortem  numerous  erosions 
were  found  in  the  gastric  mucous  membrane  ;  another  was  a  case  of  acute  appendicitis, 
in  which  no  cause  for  the  haemorrhage  was  found  in  the  stomach,  and  the  oesophagus  was 
not  examined  (neither  of  us  was  present  at  this  examination).  The  remaining  four  cases 
are  reported  below  rather  more  fully,  for  at  the  post-mortem  examination  no  explanation 
for  the  onset  of  the  haematemesis  could  be  found  unless  it  might  be  the  state  of  the 
oesophagus. 

From  the  pathological  side,  the  observation  which  first  aroused  interest  in  the  subjeel 
was  the  following.  In  1909,  at  the  Western  Infirmary,  Glasgow,  one  of  us  (J.  H.  T.)  pei - 
formed  a  post-mortem  examination  for  Sir  Hector  Cameron  on  the  body  of  an  extremel> 
well-built,  well-nourished  youth,  who  had  died  about  ten  hours  after  operation  on  account 
of  acute  appendicitis.  The  patient  was  very  ill  ;  and  the  appendix  was  found  to  be 
gangrenous  ;  but  so  far  as  the  post-mortem  appearances  in  the  abdomen  were  concerned, 
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a  successful  result  might  have  been  expected.  The  striking  feature  of  the  examination 
was  the  presence  of  destruction  of  the  lower  part  of  the  oesophagus,  the  presence  of 
slate-coloured  fluid  in  the  pleural  sacs,  and  congestion  and  haemorrhage  in  the  lungs  and 
softening  of  their  surface  in  the  neighbourhood  of  the  oesophagus.  There  were  also  air- 
bells  in  the  surface  of  the  lungs  which  suggested  interstitial  emphysema  in  the  affected 
areas.  The  appearance  suggested  digestion  of  the  oesophagus  and  the  adjacent  parts. 
The  stomach,  in  contrast  with  the  oesophagus,  presented  healthy  characters,  with  only 
the  slightest  degree  of  post-mortem  digestion. 

It  was  felt  strongly  that  these  changes  had  occurred  during  life,  and  had  been  the 
cause  of  the  fatal  result.  Nothing  in  the  way  of  inflammatory-  reaction  (which  would  have 
proved  the  intra-vitam  nature  of  the  changes)  was  found,  but  the  'emphysema'  and 
haemorrhages  were  regarded  as  ver\-  suggestive.  One  of  the  later  cases  {Case  4 — ^J.  H.  P.) 
fills  this  gap  in  the  e\idence,  and  we  also  feel  that  too  little  weight  was  given  at  the  time 
to  the  haemorrhages,  which  have  now  been  observed  in  the  substance  of  the  oesophagus 
and  in  the  lungs  in  a  number  of  cases,  as  proof  of  the  \ital  nature  of  the  digestion  of  the 
oesophagus.  Pneumonic  consolidation  in  the  neighbouring  surfaces  of  the  lung  has  also 
been  found,  but  uncertainty  is  felt  as  to  the  significance  of  this :  in  some  cases  it  might  be 
part  of  a  hypostatic  pneumonia. 

Fifteen  cases  have  now  come  to  post-mortem  examination  in  which  we  consider  it 
most  probable  that  digestion  of  the  oesophagus  occurred  during  life.  In  11  of  these 
there  was  vomiting  of  brown  or  black  material,  or  actual  hjematemesis.  In  8  cases 
the  condition  in  the  oesophagus  was  advanced — destruction  and  perforation  ;  in  7 
it  was  early.  In  8  cases  there  was  no  digestion  of  the  stomach.  In  7  there  was  slight 
digestion  of  the  stomach.  In  9  of  the  cases  there  had  been  operations,  and  we  have 
added  6  cases  in  which  there  had  not  been  any  operation,  but  in  which  there  were  similar 
changes  in  the  oesophagus.  A  number  of  cases  of  digestion  of  the  oesophagus  have 
been  considered  and  omitted  as  being  examples  of  post-mortem  digestion. 

We  are  much  indebted  to  Sir  Hector  Cameron,  Mr.  Rutherfurd,  Drs.  Mackenzie 
.\nderson,  W.  R.  Jack,  A.  W.  Russell,  and  Professor  Munro  Kerr  for  permission  to  publish 
the  cases  in  which  they  were  interested. 

PARTICULARS     OF     CASES. 

Case  1. — G(al1-stones.  Pancreatitis.  Excision  of  g-all-bladder.  Heematemesis.  Early 
digestion  of  oesophagus.      Haemorrhages  into  wall  of  oesophaerns.    {Fig.    443.) 

M.  B.,  female,  age  24,  was  sent  into  the  Royal  Infirmary,  Glasgow,  under  the  care  of  Mr. 
Pringle  on  Jan.  14,  1914,  as  an  urgent  case,  with  the  diagnosis  of  perforation  of  a  gastric  ulcer. 
It  was  stated  by  her  friends  that  she  had  been  in  good  health  up  to  fourteen  days  prior  to  admis- 
sion. At  that  time  she  was  seized  suddenly  with  severe  epigastric  pain,  which  was  associated 
with  vomiting.  She  remained  in  lied  for  five  days,  then  resumed  work,  feeling  well  until  the  day 
of  admission  at  10  a.m.,  when  she  experienced  a  severe  sharp  pain  in  the  epigastric  region.  She 
worked  for  one  and  a  half  hours  after  its  onset  and  then  went  home.  She  vomited  on  two  or  three 
occasions  some  greenish  material  before  she  came  into  hospital.  The  bowels  have  been  acting 
regularly. 

The  patient  was  very  ill,  the  abdomen  board-like  and  ver\-  tender.  Both  flanks  were  resonant 
on  percussion.  Lungs  healthy.  An  immediate  operation  was  carried  out.  The  peritoneal 
fa\ity  contained  some  brown  turbid  fluid.  The  omenta  and  mesenteries  showed  e\ndence  of  fat 
necrosis.  The  gall-bladder  and  common  duct  were  packed  with  calculi.  The  pancreas  felt 
extremely  hard  and  had  a  deep  yellow  colour.  The  gastrohepatic  omentum  was  much  thickened 
and  very  oedematous.  The  gall-bladder  was  excised,  the  common  duct  opened,  a  number  of  stones 
removed,  and  a  drain  tube  sutured  in.  The  pancreas  was  incised  freely,  a  quantity  of  dirty  brown 
fluid  escaping  from  the  incision  and  cut  surfaces,  but  the  wound  made  in  it  bled  freely.  This  wound 
was  packed. 

After  operation  the  patient  vomited  continuously  small  quantities  of  dark  black  fluid  which 
gave  a  blood  reaction,  and  she  complained  of  a  pain  behind  the  sternum.  Just  before  death,  which 
took  place  thirty-eight  hours  after  admission,  the  vomited  material  was  bright-red  blood. 

P.M.  Report  (Xo.  7606),  Jan.  17,  1914. — The  lx»dy  M-as  that  of  a  young  woman,  weU  built 
and  well  nourished,  but  decidedly  anaemic.  Mid-alxiominal  operation  wound  and  small  drainage 
wound  above  the  pubis.     No  jaundice. 

Thorax. — ^The  heart  and  the  aorta  presented  healthy  characters.     The  lungs  showed  marked 
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fine  emphysema.  The  lower  lobes  of  both  showed  an  unusual  degree  of  hypostatic  congestion. 
There  were  no  adiiesions,  and  they  stripped  out  quite  easily,  and  no  evidence  of  recent  pleurisy 
could  be  made  out  ;  but  it  was  only  looketl  for  after  the  recognition  of  the  condition  of  the 
oesophagus. 

Abdmneii. — The  liver  showed  advanced  cloudy  swelling  and  fiatty  change,  being  of  a  i)alc 
yellow  colour  with  little  of  the  usual  red  markings.  The  spleen  was  normal.  The  kidneys  showed 
advanced  cloudy  swelling.  There  were  numerous  patches  of  fat  necrosis  scattered  about  the 
pancrcjis,  and  near  the  tail  there  was  a  breaking-down  cavity  with  black  necrotic  appearance 
around  the  white  necrosed  fat.  The  pancreas  was  firm  and  of  fairly  normal  colour.  The  duct 
was  considerably  wider  than  normal.  The  gall-bladder  had  been  excised.  The  common  bile-duct 
was  much  dilated  and  contained  one  facetetl  gall-stone,  and  the  end  of  a  drainage  tube  lay  in  it. 
The  stomach  was  healthy  in  appearance.  There  was  one  small  area  of  suj>erficial  haemorrhage. 
but  no  post-mortem  digestion.  There  was  ulceration  of  the  oesophagus  of  an  irregular, 
slightly  ragged  type  just  above  the  cardiac  ring,  and  there  were  many  streaks  of  haemorrhage  in 
the  mucous  membrane  running  up  to  about  the  junction  of  the  oesophagus  and  pharynx.  In 
colour  these  were  slightly  dull,  as  if  not  absolutely  recent.  Some  of  the  tissues  surrounding  the 
lower  part  of  the  OL'sophagus  seemed  gelatinous,  and  were  of  a  dark-slate  colour  as  if  from 
the  presence  of  altered  blood.     {Fig.  443.) 

Case  2. — Rupture  of  liver  by  accident.  Abdominal  section.  Haematemesis.  Advanced 
digrestion  of  oesophagrus. 

E.  McC,  male,  age  18,  was  admitted  to  Glasgow  Royal  Infirmary  imder  the  care  of  Mr.  Pringlc 
on  Dec.  16,  1914,  complaining  of  severe  pain  across  the  alxiomen.  On  the  day  previous  he  had 
l)een  struck  over  the  abdomen  by  the  buffer  of  a  pit  hutch  which  jammed  him  against  the  wall 
of  the  pit.  The  alxiomen  was  hard  and  board-like,  both  flanks  resonant.  Liver  dullness  was 
present.     The  patient  was  extremely  ill.     Pulse  108,  temperature  104-4°,  respirations  36. 

The  abdomen  was  opened  at  once  in  the  middle  line.  This  was  followed  by  a  furious  flow 
of  blood  from  an  extensive  rupture  of  the  right  lobe  of  the  liver.  The  portal  vein  was  clamped, 
sind  this  immediately  arrested  the  haemorrhage,  Bloo<l  in  the  |)eritoneal  cavity  was  wiped  out. 
The  liver  woimd  was  packed  with  gauze.  A  tube  was  passed  into  the  right  renal  pouch,  and  the 
clamp  removefl  from  the  portal  vein. 

The  patient  rallied  wonderfully,  was  well  at  night,  and  seemed  to  be  so  the  next  morning, 
but  he  dietl  quite  suddenly  during  the  forenoon.  It  was  thought  that  death  might  be  due  to  a 
pulmonary  embolism.  The  patient  vomited  on  one  occasion  only,  and  that  shortly  before  death. 
a  small  quantity  of  dark  coffee-ground  material  l>eing  ejected. 

P.M.  Rkport  (No.  7921),  Dec.  18,  1914.— The  body  was  that  of  a  well-built,  healthy-looking 
young  man.  There  was  a  large  median  epigastric  wound,  with  a  second  long  wound  running  from 
it  obliquely  through  the  right  hypochondriac  region,  approximately  in  the  line  of  the  edge  of  the 
liver. 

Thonur. — The  heart  showed  healthy  characters.  Embolism  of  lungs  could  not  be  made  out. 
The  right  pleural  cavity  contained  nearly  a  pint  of  blood-stained  fluid,  the  left  a  smaller  quantit\ 
of  turbid,  blood-stainefl,  and  very  dark  fluid.  There  was  considerable  anthracosis,  and  very 
marked  hypostatic  congestion  of  the  lungs.  The  inner  posterior  aspect  of  the  left  lung  was  in  a 
pulpy  condition  from  advanced  digestion  of  the  parts  close  to  the  oesophagus.  The  condition 
l>ecamc  less  on  passing  away  from  that  neighbourhood,  but  was  traceable  over  about  a  half  of  tli( 
lung,  the  i)osterior  portions  being  alone  affected.  Where  the  condition  was  slight,  there  wck 
small  air-bubbles  under  the  pleural  membrane.  There  was  a  slight  degree  of  the  same  condition 
on  the  inner  and  posterior  aspects  of  the  right  limg,  and  in  this  area  there  were  many  superficial 
haemorrhages.  Whether  the  bloo<i  in  the  pleural  cavities  came  from  this  condition  or  not,  it  was 
impossible  to  determine,  but  there  was  no  gross  injury  of  the  hmg  to  be  seen.  The  oesophagus 
showed  an  advanced  state  of  digestion,  extending  from  immediately  above  the  cardiac  ring  almost 
up  to  the  pharynx.  It  was  jHerforated  at  several  places,  and  the  surrounding  areolar  tissue  was 
pulpy  and  full  of  black  altered  blood.  The  outer  coat  of  the  arch  of  the  aorta  was  affected  in  ^his 
way,  but  the  middle  and  inner  coats  were  unaffecte<l.  The  lower  part  of  the  trachea  was  intensely 
congested,  but  no  |>erforation  could  be  made  out. 

Abdomen. — The  stomach  presented  healthy  characters.  It  contained  a  considerable  quantity 
of  turbid  greenish  fluid,  and  there  was  no  recognizable  post-mortem  digestion.  There  was  a  ver\ 
extensive  rujjture  of  the  liver,  the  main  line  of  it  being  a  laceration  passing  from  back  to  front,  and 
practically  separating  off  the  right  end  of  the  liver  to  the  extent  of  about  a  quarter  of  the  wh(>l< 
organ.  This  portion  was  in  a  state  of  necrosis.  The  vessels  in  the  portjil  tract  which  had  Ix'cn 
clamijed  api>eared  none  the  worse.  The  rest  of  the  liver  showed  marked  cloudy  swelling.  TIk 
Iddneys  showed  slight  cloudy  swelling.  The  spleen  was  rather  large  and  soft.  In  the  intestiius 
there  was  nothing  of  note,  but  they  were  considerably  distended. 

Case  3. —  Anthrax  with  meningritis.     Hsematemesis.      Advanced  digrestion  of  CBsophagrus. 

J.  E.,  male,  a  brush-maker,  age  over  .50  years,  was  sent  to  the  Royal  Infirmary  on  Aug.  1!». 
1916,  with  the  diagnosis  of  a  jKerforated  gastric  ulcer.  From  the  .scanty  history  available,  tli( 
patient  had  suffered  for  many  years  from  ga.stric  symptoms — pain  after  food,  with  occasional 
vomiting — these  symptoms  recurring  in  cycles,  with  intervals  of  comfort.  .Since  Aug.  16  he  had 
J)een  in  bed,  complaining  of  great  pain  in  the  alwlomen,  and  with  frequent  vomiting. 
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FIG.  443. — CEdophagua  from  Case  1,  showing  the  rin?  of  ulceration  ending  sharply  at  the  junction  of  the  oesophageal 
and  gastric  mucoos  membrane  as  well  as  nomerom  submocous  and  intramural  haemorrhages. 
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When  iulmittwl,  the  patient  was  inu'onscious,  with  pulse-rate  136,  temperature  103-4',  and 
respirations  48  and  stertorous.  One  of  us  (J.  H.  P.)  saw  the  man  shortly  after  he  was  brought 
to  the  wanl.  He  was  very  restless.  There  was  possibly  a  slight  degree  of  rigidity  of  the  abdomen 
in  its  right  upper  quadrant,  but  it  was  not  great.  There  was  extreme  rigidity  of  his  neck.  Tin- 
pupils  were  equal,  of  medium  size,  and  their  reaction  to  light  was  uncertain.  The  right  optic  disc 
was  normal,  and  the  left  could  not  be  seen — the  eyes  were  constantly  deviated  to  the  right  side. 
There  was  no  evidence  of  any  injury  to  the  scalp  or  skull — no  signs  of  bleeding  from  the  mouth, 
nose,  or  ears,  and  there  was  no  alteration  in  the  percussion  note  over  the  skull.  It  was  obvious 
lie  was  suffering  from  some  cerebral  condition.  He  vomitetl  or  ejected  small  quantities — not  more 
than  a  mouthful  or  two  at  any  one  time — of  dark-brown  fluid  on  five  separate  occasions.  Death 
took  place  fourteen  hours  after  he  was  admitted  to  hospital.  The  condition  proved  to  hv 
meningitis  due  to  the  li.  aiithracis. 

P.M.  Rkport  (No.  8549),  Aug.  21,  191(>. — The  body  was  that  of  a  well-nourished  old-looking 
man.  There  was  very  marked  hypostatic  congestion,  and  changes  due  to  decomposition  were 
distinct. 

After  the  nature  of  the  disease  was  made  out,  the  exterior  was  very  carefully  examined,  but 
no  lesion  of  any  kind  could  be  found. 

Thorax. — Both  pleural  cavities  contained  considerable  excess  of  blood -stainetl  fluid.  The 
lungs  were  congeste<l  and  cedematous,  but  not  to  a  very  striking  degree.  The  trachea  and  bronchi 
were  also  congested.  Xo  local  lesion  could  be  foimd.  The  heart  was  soft  and  relaxed,  and  there 
W51S  bloody  staining  of  the  endocardium.  The  oesophagus  was  found  to  have  been  digested,  and 
seemed  to  have  given  way  into  the  right  pleural  cavity,  where  there  was  slight  digestion  of  the 
adjacent  surface  of  the  lower  lobe. 

Abdomen. — The  liver  showed  marked  cloudy  swelling,  and  the  blood  in  the  vessels  was  full  of 
gas-bubbles.  The  spleen  was  moderately  enlarged,  with  tense  glistening  capsule,  and  ruptured 
(luring  removal,  exuding  an  abundant  soft  dark  pulp.  The  kidneys  showed  some  senile  cirrhosis, 
cloudy  swelling,  and  subcapsular  haemorrhages.  The  stomach  contained  a  large  quantity  of 
dark -green  fluid  ;  there  was  considerable  post-mortem  digestion.  There  was,  howcv'er,  much  more 
digestion  in  the  cesophagus,  the  lining  of  which  was  black  and  broken  down  immediately  above 
the  cardiac  orifice,  the  condition  extending  in  diminishing  degree  for  about  five  inches  upwards. 
There  was  a  small  area  of  black  slough  immediately  below  the  cardiac  orifice.  There  were  four 
small,  fairly  recent  ulcers  close  to  the  pyloric  ring.     There  was  no  intestinal  anthrax  lesion. 

Head. — The  brain  was  covered  by  a  thin  layer  of  blood  occupying  the  interstices  of  the  pia- 
arachnoid.  There  were  myriads  of  small  haemorrhages  on  the  surface  of  the  brain  and  in  the  grey 
matter.  The  interior  of  the  lateral  ventricles  was  thickly  studded  with  minute  haemorrhages,  and 
the  fluid  was  light  red  in  colour.  There  were  many  minute  hsemorrhages  in  the  basal  ganglia, 
and  one  haemorrhage  about  the  size  of  a  kidney  ])ean  in  the  upper  part  of  the  right  corpus  striatum. 
The  effuseti  blood  filled  the  lymph  cisterns  at  the  ba.se,  and  was  particularly  abimdant  between 
the  lobules  of  the  cerebellum. 

Films  prepared  from  the  fluid  in  the  lateral  ventricles  and  the  blood  in  the  pia-arachnoid  both 
showed  large  numbers  of  short  square-ended  bacilli  in  chains  closely  resembling  the  anthrax 
l)acillus,  and  profuse  growth  of  that  organism  was  obtained  from  the  fluid  in  the  lateral  ventricles 
and  from  the  pia-arachnoid,  but  not  from  any  other  organ  or  from  the  blood.  Films  of  the  sjjleen 
and  blood  showed  numbers  of  single  bacilli  with  definite  capsules,  apparently  B.  aerogenes  capsulatus. 
.Sections  of  the  brain  showed  a  true  haemorrhagic  meningitis  and  numerous  anthrax  bacilli. 

Case  4. — Appendicitis  with  atscess  and  peritonitis.  Heematemesis  before  operation. 
Advanced  digestion  of  cesophagus.     Fitricous  pleuiisy.    {Fig.   444.) 

L.  McC,  female,  age  16,  was  admitted  Oct.  2,  1918,  under  the  care  of  Mr.  Pringle,  as  a  case  of 
acute  appendicitis.  The  patient  was  extremely  ill,  pulse  132,  temperature  104  2°,  respirations  44. 
The  patient,  who  had  previously  been  in  good  health,  was  seizetl  with  severe  pain  in  the  region  of 
the  umbilicus  on  Sept.  29.  She  vomited  soon  after,  and  this  recurred  several  times.  The  abdomwi 
was  tense,  rigid,  and  tender  all  over.  Dullness  was  present  in  both  flanks.  Nothing  unusual  was 
made  out  by  rectal  examination.  I.iungs  clear.  The  patient  vomited  twice  after  coming  into  the 
ward,  and  before  her  operation — which  was  done  as  soon  as  possible — about  five  ounces  each  time 
of  a  dark-brown,  almost  reddish,  fluid.  A  small  abscess  was  found  at  the  appendix,  and  there 
was  a  generalized  purulent  peritonitis.  The  appendix  was  not  removed.  The  abscess  was  drained, 
and  a  Keith's  tube  was  passed  to  Douglas's  pouch  through  a  small  suprai)ubic  incision,  a  quantity 
of  puriform  fluid  escaping  through  it.  The  jiatient  died  at  6.0  a.m.  the  following  morning,  twelve 
liours  after  admission  ;  she  vomited  twice  after  the  operation,  each  time  bringing  up  a  mouthful 
or  two  of  the  same  dark-brown  fluid  that  had  been  ejected  before  the  operation. 

P.M.  Rkport  (No.  9244),  Oct.  4,  1918.— The  body  was  that  of  a  well-built,  well-nourished 
girl.  There  was  in  very  marked  degree  the  dusky  complexion  which  is  seen  in  septic  cases.  There 
were  two  surgical  woimds. 

Thorax. — The  heart  showed  some  cloudy  swelling.  The  lungs  from  the  front  were  seen  to 
l)e  congested,  biit  appeared  generally  normal.  The  left  lung  was  found  to  be  lightly  adherent 
to  the  diaphragm,  and  on  cutting  the  root  and  lifting  up  the  lung  a  quantity  of  black  fluid  was 
seen  coming  from  the  oesophagus,  and  the  tissues  between  that  structure  and  the  lung  were  pulpy 
and   of  dirty  black  colour.     There  was  no  definite  digestion  of  the  surface  of  the  lung,  but  on  the 
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I'm.  44-J. — CLsophagus  from  Ca*e  i,  softened  ^ui  perforateJ  in  its  lower  portion,  while  its  upp«-  part  sLows  sub- 
mucous hicmorrhaffK. 
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diaphragmatic  surface  there  were  some  thin  flakes  of  fibrin,  and  there  were  some  subpleural 
haemorrhages.  The  condition  on  the  right  side  was  similar  to  that  on  the  left,  there  being  a  thin 
fibrinous  exudate  between  the  lung  and  the  diaphragm,  and  between  the  back  of  the  lower  lobe 
and  the  posterior  wall  of  the  thorax.  There  were  numerous  subpleural  haemorrhages  in  the  inner 
and  diaphragmatic  aspects  of  the  limg.  The  oesophagus  apjieared  as  a  black,  ragged  band  ;  and  at 
three  points,  respectively  about  2  in.  and  3  in.  above  the  diaphragm  {Fig.  444),  it  was  perforated 
and  black  fluid  was  escaping.  The  oesophagus,  lower  part  of  trachea,  and  stomach  were  removed 
en  masse.  The  digested  condition  of  the  oesophagus  stopped  abruptly  at  the  upper  surface  of 
the  diaphragm.  Taere  was  no  pus  above  the  diaphragm,  and  it  appeared  highly  improbable  that 
the  fibrinous  exudate  in  the  pleural  sacs  was  due  to  extension  of  the  suppuration  from  the  abdomen, 
the  substance  of  the  diaphragm  and  the  connective  tissue  below  it  appearing  quite  normal. 

Abdomen. — There  was  a  general  purident  peritonitis,  the  cause  of  which  was  gangrene  of  the 
appendix.  The  liver  and  kidneys  showed  marked  cloudy  swelling.  The  spleen  was  slightly 
enlarged,  with  soft  full  pulp.  The  stomach,  which  was  examined  along  with  the  oesophagus, 
contained  a  small  quantity  of  slaty-grey  fluid  quite  different  in  character  from  the  black  fluid 
which  was  present  in  the  oesophagus.  There  was  very  slight  post-mortem  digestion  of  the  fundus 
of  the  stomach,  with  minute  extravasation  of  blood  into  the  mucous  membrane  ;  otherwise  it 
presented  normal  characters. 

Sections  were  prepared  from  part  of  the  left  lung,  where  the  surface  was  markedly  digested, 
liaving  been  in  contact  with  the  oesophagus  without  interposition  of  the  pleural  membrane.  The 
areolar  tissue  was  necrotic,  and  showed  no  reaction.  The  surface  of  the  lung  in  parts  was  also 
necrotic.  This  condition  involved  a  superficial  layer  of  at  most  two  to  three  alveoli.  Beneath 
this  the  alveoli  were  occupied  by  blood.  Some  of  the  necrotic  alveoli  seemed  also  to  have  contained 
blood.  Deeper  still  the  condition  passed  into  oedema  of  the  lung,  with  more  or  less  of  haemorrhage. 
There  was  very  little  sign  of  reaction,  but  polymorphonuclear  leucocytes  were  recognized  in  places 
in  greater  number  than  would  be  accounted  for  by  the  presence  of  blood.  There  was  marked 
congestion. 

A  section  was  also  prepared  from  the  surface  of  the  right  lung  where  there  was  a  fibrinous 
exudate.  There  was  a  good  deal  of  degenerative  change  in  the  exudate,  but  its  character  was 
quite  distinct.  The  cells  were  to  a  considerable  extent  mononuclear,  with  no  great  number  of 
polymorphonuclear  leucocytes,  and  there  was  swelling  and  proliferation  of  the  endothelium  of 
the  pleura.  The  lung  showed  a  condition  similar  to  that  already  described.  There  could  be  no 
question  as  to  the  presence  of  vital  reaction. 

Case  5. — Excision  of  grangrrenous  appendix.  Advaoiced  digrestiou  of  oesopliagus.  Sub- 
pleural haemorrhagres. 

D.  T.,  age  19,  blacksmith,  was  admitted  into  the  wards  of  the  Western  Infirmary  under  the 
care  of  Sir  Hector  Cameron  at  1.0  a.m.  on  March  17,  1909.  Abdominal  pain  and  rigidity,  and 
marked  tenderness  on  pressure.  Some  distention.  Temperature  101-2°,  pulse  120.  At  operation 
the  appendix  was  found  to  be  gangrenous.  The  abdomen  was  drained.  Patient  gradually  got 
worse,  and  died  at  11.45  p.m.  the  same  night. 

P.M.  Report  (No.  7895),  March  19,  1909. — The  body  was  that  of  an  extremely  well-built 
and  well-nourished  youth.  Post-mortem  lividity  marked.  There  was  a  wound  in  the  right 
inguinal  region,  with  a  gauze  drain. 

Thorax. — The  heart  was  normal.  The  pleural  sacs  contained  a  small  quantity  of  grumous 
dark  slate-coloured  fluid.  The  lungs  were  congested,  and  considerable  areas  of  the  inner  aspects 
were  of  slate  colour,  and  softened  on  the  surface.  Outside  these  areas  there  were  numerous 
subpleural  haemorrhages  and  interstitial  emphysema,  i.e.,  gas-bubbles  in  the  surface  of  the  lung. 
Beyond  this  zone  of  emphysema  there  were  a  few  small  haemorrhages.  There  was  no  fibrinous 
exudate,  and  no  definite  adhesion  between  the  visceral  and  parietal  pleurae.  The  cause  of  this 
condition  was  found  in  digestion  of  the  oesophagus,  the  lower  two  inches  of  which  were  almost 
completely  destroyed.  The  condition  extended  considerably  higher  in  gradually  decreasing  degree. 
The  cardiac  ring  was  not  digested,  and  was  retaining  the  gastric  contents  to  all  appearan6e 
perfectly.  The  stomach  showed  only  a  slight  degree  of  superficial  post-mortem  digestion.  In 
other  respects  it  was  healthy. 

Abdomen. — There  was  a  general  peritonitis,  with  fibrinous  exudate  and  a  comparatively 
small  amount  of  pus.  The  stump  of  the  appendix  was  securely  closed.  There  was  no  trace  of 
adhesions  about  it.  There  was  extreme  cloudy  swelling  of  the  liver.  The  spleen  was  somewhat 
enlarged.     Nothing  else  of  note  was  found. 

Case  6. — Excision  of  perforated  appendix.  Haematemesis.  Advanced  digrestion  of  the 
oesophagus.    Subpleural   haemorrhages  and   emphysema. 

I.  N.,  age  21,  was  admitted  to  the  Royal  Infirmary  under  the  care  of  Mr.  Rutherfurd  on 
May  11,  1909,  as  a  case  of  appendicitis.  The  appendix  was  removed  on  the  same  day.  It  was 
found  to  be  perforated,  and  there  was  much  pus  in  the  iliac  fossa  and  pelvic  cavity.  The 
abdomen  was  drained.  On  May  13  patient  vomited  brown  material.  On  May  14  she  was  noticed 
to  be  'jaundiced.'     She  died  at  2.0  a.m.  on  May  15. 

The  opinion  of  the  surgeon  was  that  patient  was  doing  well  until  the  day  before  her  death. 

P.M.  Report  (No.  5970),  May  15,  1909. — The  body  was  that  of  a  well-built,  well-nourished 
girl. 
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Thorax, — The  heart  presented  healthy  characters.  The  right  lung  showed  some  haemorrhagic 
spots  in  the  pleura  on  the  inner  aspect,  posteriorly.  The  left  pleural  cavity  contained  a  quantity 
of  turbid,  slate-coloured  fluid,  and  the  gastric  contents  could  be  seen  escaping  into  it  from  a 
perforation  of  the  oesophagus  just  above  the  diaphragm.  Practically  the  whole  posterior  and 
diaphragmatic  surfaces  of  the  lung  were  of  a  dark  slate  colour  with  reddish  markings.  The 
middle  parts  of  this  area  were  smooth,  but  the  margins  showed  many  gas-bubbles  apparently 
underneath  the  pleura.     The  lung  tissue  underl>-ing  this  area  appeared  to  be  unaffected. 

Abdomen. — The  field  of  operation  appeared  to  be  in  a  satisfactory  condition.  The  Uver 
showed  extreme  fatty  change.  The  kidneys  were  the  seat  of  interstitial  nephritis,  with  cloudy 
swelling,  and  apparently  fatty  degeneration.  The  stomach  was  antemic.  It  was  ulcerated,  and 
remarkably  free  from  post-mortem  digestion,  which  was  recognizable  only  near  the  cardiac 
orifice  and  was  quite  sup)erficial.  The  cesophagus,  on  the  other  hand,  showed  a  very  intense 
maceration,  with  separation  of  the  longitudinal  muscles,  extending  from  the  cardiac  orifice  three 
or  four  inches  upwards.  The  wall  had  given  way  on  both  sides  ;  but  extravasation  of  contents 
had  occurred  only  into  the  left  pleural  cavity,  the  right  pleural  cavity  and  the  abdomen  not 
being  affected. 

There  was  also  digestion  of  the  duodenum,  commencing  about  half  an  inch  beyond  the  pyloric 
orifice,  and  extending  for  about  three  inches  downwards.  Extravasation  had  taken  place  into 
the  connective  tissues  behind  the  duodenum,  and  also  below  and  to  the  right,  but  it  was  doubtful 
whether  there  had  been  any  escape  into  the  peritoneal  cavity. 

Case  7. — Suture  of  perforated  duodenal  tilcer.     Advanced  digrestion  of  cesopha^us. 

J.  McE.,  age  39,  under  the  care  of  Mr.  Rutherfurd.  Took  ill  on  June  10,  1914.  Operation 
was  performed  on  June  11,  and  a  perforation  of  a  duotlenal  ulcer  was  found.  The  perforation 
was  sutured  and  the  abdomen  closed.  The  patient  died  on  June  13.  There  were  no  distinctive 
symptoms. 

P.M.  Report  (No.  7749),  June  15,  1914.— The  body  was  that  of  a  big,  rather  fat  subject. 
There  was  some  peritonitis  about  the  field  of  operation,  but  there  had  been  no  further  leakage, 
and  the  condition  generally  appeared  to  be  satisfactory.  There  was  a  small  characteristic  acute 
duodenal  ulcer. 

Thorax. — The  heart  was  rather  flabby  and  dilated.  The  right  pleural  cavity  contained  some 
clear  serous  fluid.  The  lungs  showed  hypostatic  congestion  and  oedema.  The  left  pleural  cavity 
contained  about  20  oz.  of  dirty  green  fluid  with  fat  floating  on  it.  The  source  of  this  was  found 
to  be  the  oesophagus,  which  was  extensively  digested,  and  perforated  at  two  points.  The  changes 
in  the  oesophagus  extended  from  immediately  above  the  cardiac  orifice  to  opposite  the  bifurcation 
of  the  trachea.  The  tissues  were  soft  and  ragged  and  of  a  dirty  black  colour.  The  surface  of  the 
lung  was  digested  over  a  wide  area,  and  the  pleural  membrane  had  completely  disappeared,  so  that 
the  surface  consisted  of  collapsed-looking  lung  tissue. 

Abdomen. — The  stomach  showed  post-mortem  digestion,  limited  to  the  fundus  and  posterior 
wall. 

Case  8. — Acute  hepatitis  ?    Haematemesis.    Early  dierestion  of  the  oesophag'as. 

M.  S.,  age  4|,  was  admitted  to  the  Royal  Infirmarv-  under  Dr.  Jack  on  Sunday,  Aug.  30,  with 
a  history  of  sudden  development  of  vomiting  of  yellow  coloured  matter  on  the  previous  Wednesday. 
She  complained  of  severe  pain  in  her  stomach.  She  became  delirious  on  the  Saturday.  On  the 
Sunday,  the  fifth  day  of  illness,  she  vomited  chocolate-coloured  material.  The  stools  were  clay- 
coloured.  Nothing  further  was  made  out  after  admission  to  hospital,  where  she  died  the 
following  day. 

P.M.  Report  (No.  7820). — The  body  was  that  of  a  fairly  well-nourished  child.  There  was 
marked  h\-postatic  lividity,  and  general  "dusky  coloration  of  the  skin.  This  was  not  jaundice, 
but  rather  the  coloration  suggestive  of  intense' toxic  disease. 

Thorax. — The  heart  appeared  normal.     The  lungs  showed  some  hypostatic  congestion. 

Abdomen. — The  Uver  was  considerably  enlarged,  and  of  a  bright  mottled  red  and  yellow  colour. 
In  parts  there  was  almost  none  of  the  red  colour,  so  that  it  looked  not  unlike  the  fiver  of  phosphorus 
or  delayed  chloroform  poisoning.  The  kidneys  also  were  pale  and  yellow,  probably  from  fatty 
degeneration.  The  stomach  contained  a  small  quantity  of  dark-brown  material  suggestive  of 
altered  blood  ;  there  were  no  ulcerations  or  haemorrhages  or  post-mortem  digestion.  The 
oesophagus  showed  marked  digestion,  which  commenced  immediately  above  the  caniiac  ring  and 
extended  up  for  about  three  inches.  The  muscular  coat  was  distinctly  affected,  but  there  was 
no  perforation.  The  contents  of  the  duodenum  showed  distinct  bile  staining,  but  those  of  the 
lower  part  of  the  smaU  intestine  and  colon  were  clay-coloured. 

Microscopic  examination  of  the  fiver  showed  advanced  fatty  change,  and  there  was  also  fatty 
degeneration  in  the  kidney. 

Case  9. — paeumonia.  Digrestion  and  perforation  of  oesophagas.  Haemorrhages  into  the 
substance  of  cesophag'as. 

D.  L.,  age  13,  was  admitted  to  the  Royal  Infirmary  imder  the  care  of  Dr.  Mackenzie 
Anderson  on  Oct.  3,  1914.  He  was  extremely  ill.  Signs  of  lobar  pneumonia  ift  the  lower  lobe 
of  the  right  lung  were  made  out.  He  died,  apparently  from  cardiac  failure,  on  the  third  day 
of  illness,  two  hours  after  admission  to  hospital. 
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P.M.  Report  (No.  7851),  Oct.  5,  1914. — The  body  was  that  of  a  well-built,  well-nourished, 
but  very  livid  boy.  I--- 

Tfioroj.: — The  heart  showed  slight  hypertrophy  of  the  right  ventricle  and  some  cloud> 
swelling.  Both  the  lungs  were  adherent  about  the  posterior  i)art  of  the  lower  lobes.  There  was 
pneumonic  consolidation  of  the  p;)sterior  two-thirds  nr  thereby  of  the  right  lower  lobe,  with  marked 
congestion,  and  some  haemorrhage  among  the  fibrous  adhesions.  Further  out  there  was  a  ver\ 
thin,  fibrinous  layer.  The  rest  of  this  lung  appeared  healthy.  In  the  left  lung  there  were  also 
haemorrhages  among  fibrous  adhesions  over  the  inner  part  of  the  lower  lobe.  There  was  a  small 
quantity  of  yellow  serous  fluid  in  the  u|)per  part  of  the  sac,  but  Dr.  Nora  M.  A.  Allan,  who  made 
the  post-mortem  examination,  was  certain  that  there  were  no  gastric  contents.  There  was  diges- 
tion of  the  surface  of  the  lower  lobe  and  lowest  part  of  upper  lobe  over  a  considerable  area.  There 
was  distinct  congestion  suggestive  of  vital  reaction  at  several  points,  and  some  gas-bubbles  in  the 
hbrous  tissue.  The  oesophagus  was  digested  and  perforated  on  the  left  lateral  and  anterior  surfaces. 
and  the  tissues  round  about  it  seemed  swollen  and  infiltrated  with  bloofl.  There  was  old  collapse 
and  bronchiectasis  of  the  lower  lobe  of  the  left  lung,  and  marked  recent  cedema.  ])ossibly  with  sonic 
consolidation. 

Abdomen. — The  stomach  contained  a  small  quantity  of  turbid  yellow  material,  suggest i\c 
of  upper  intestinal  contents.  The  mucous  membrane  appeared  thick,  and  there  were  a  good  many 
punctate  haemorrhages  in  it  suggesting  early  post-mortem  digestion.  There  was  no  breaking  down. 
The  cardiac  orifice  presented  similar  characters,  but  immediately  above  it  there  was  advanced 
softening  and  breaking  down  involving  all  coats  of  the  oesoj)hagus,  and  there  were  a  number  of 
haemorrhages  into  the  oesophageal  tissue  which  looked  as  if  they  must  have  occurred  during  life. 
This  was  noticed  on  the  posterior  wall,  opposite  to  and  rather  above  the  perforation  already 
described.  The  condition  ceased  about  three  inches  above  the  cardiac  ring.  The  liver  and  kidney 
showed  marked  cloudy  swelling.  The  spleen  seemed  enlarged,  soft  with  full  pulp.  There  was  a 
large,  calcified  mesenteric  gland. 

Case  10. — Gallstones,  Cholecystectomy.  Fairly  early  digrestion  of  oesophagus.  Heemor- 
rhagre  iato  its  wall. 

Mrs.  I.,  age  46,  was  admitted  to  the  Royal  Infirmary  on  April  1,  1915,  under  the  care  of  Mr. 
Rutherfurd.  There  was  a  history  of  acute  illness  of  about  seven  days'  duration.  No  jaundice. 
Some  chronic  bronchitis.  The  gall-bladder  was  excised  on  April  3.  Found  full  of  gall-stones, 
with  purulent  fluid  and  very  hard  walls.  Patient  collapsed  on  April  4,  late  in  the  evening,  and 
died  in  early  morning. 

P.M.  Report  (No.  8029),  April  6,  1915. — The  body  was  that  of  a  rather  stout  woman.  There 
was  slight  lividity  about  face  and  neck.  There  was  a  closed  operation  wound  in  the  right  hypo 
chondriac  region. 

Thorax. — The  heart  showed  very  advanced  fatty  infiltration,  and  diffuse  fatty  degeneration. 
Valves  and  vessels  were  apparently  healthy.  There  were  some  old  adhesions  at  the  apex  of  the 
left  lung.  The  oesophagus  lying  between  the  lungs  was  noticed  to  be  of  mottled  dark-red  colour. 
but  there  was  no  appearance  of  escape  of  its  contents  into  either  pleural  sac.  The  posterior  parts 
of  the  lower  lobes  of  both  lungs  showed  a  very  distinct  and  fairly  general  consolidation  with  intense 
congestion,  and  many  subpleural  haemorrhages.  There  was  no  distinct  digestion  of  the  surface 
of  either  lung,  but  the  areolar  tissue  between  them  and  the  oesophagus  appeared  a  little  softened 
and  shghtly  infiltrated  with  blood.  On  the  right  side  there  was  a  distinct  purulent  condition. 
There  was  clearly  pneumonia,  and  in  parts  it  was  distinctly  of  patchy  character.  It  was  more 
marked  towards  the  inner  aspect  of  the  hmg  than  towards  the  outer — that  is  to  say,  it  was  most 
marked  in  the  neighbourhood  of  the  oesophagus.  The  rest  of  the  lungs  were  slightly  emphy- 
sematous, and  the  bronchi  contained  much  mucopurulent  secretion. 

Abdomen. — There  was  adhesion  about  the  seat  of  operation,  and  a  small  quantity  of  bloody 
serous  fluid  welled  out  below  the  right  margin  of  the  hver.  The  liver  showed  advanced  fatt> 
change.  The  stump  of  the  cystic  duct  was  found  apparently  well  secured.  The  stomach  showed 
only  slight  posi-mortem  digestion,  but  immediately  above  the  cardiac  orifice  there  was  marked 
softening  of  the  oesophagus.  The  tissues  were  infiltrated  with  black  altered  blood  and  the 
muscular  fibres  separated,  so  that  there  must  have  been  very  nearly  perforation  on  the  right  and 
jK)sterior  aspects.  Nothing  of  note  in  the  intestines  was  found.  The  spleen  was  somewhiit 
enlarged,  with  full  grey  pulp.     The  kidneys  showed  some  cloudy  swelling. 

Two  microscopic  sections  of  the  oesophagus  were  made.  One  of  these  included  the  cardiac- 
ring,  and  it  showed  advanced  digestion  of  all  the  coats  starting  just  above  it.  No  evidence  of 
reaction  could  be  found,  unless  the  following  could  possibly  be  interpreted  in  that  way  :  the  veins 
were  very  full  of  solid  red  clots,  in  the  centre  of  one  of  which  was  a  fairly  bulky  strand  of  fibrin - 
which  suggests  that  there  had  l>een  a  clotting  and  a  contraction  followed  by  engorgement  with 
fresh  blood.     The  slightly  digested  part  showed  very  superficial  change,  and  no  reaction. 

.Sections  of  the  right  lung  showed  advanced  pneumonia  of  patchy  type,  more  haemorrhagic 
on  the  surface,  with  digestion  of  the  pleura,  but  no  reaction  which  could  be  related  to  that.  Tne 
left  lung  showed  less  advanced  patchy  pneumonia. 

Case  11. — Cardiac  valvular  disease.     Haematemesis.      Early  digrestion  of  oesophagrus. 
D.    McR.,  age    22,   warehouseman,    was  admitted  to  the  Royal  Infirmary  under  the  care  of 
Dr.  W.  R.  .Jack,  as  a  case  of  cardiac  disease,  aortic  and  mitral,  on  Nov.   2,   1915.     The  abdomen 
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was  tapped  four  times  between  Xov.  28  and  Dec.  10  for  ascites.  On  Jan.  18  he  developed 
tonsillitis.  On  Jan.  26  he  had  a  shivering  which  was  the  commencement  of  pneumonia.  There 
was  spitting  of  bright-red  blood  on  Jan.  27.  On  the  day  of  his  death,  which  took  place  at  12.10 
p.m.  on  Feb.  3,  he  was  "  spitting  a  large  amount  of  blood  ;   also  vomiting  a  great  deal  of  blood." 

P.M.  Rkport  (No.  8346),  Feb.  4,  1916. — The  body  presented  the  characteristic  appear- 
ances of  an  advanced  chronic  cardiac  valvHilar  disease,  being  generally  oedematous,  li\id,  and 
slightly  jaundiced. 

Thorax. — The  right  lung  was  deeply  congested,  voluminous,  and  in  the  lower  lobe  there  were 
a  number  of  areas  of  early  pneumonic  consolidation.  The  lower  lobe  of  the  left  lung  was 
completjly  consolidated,  being  in  a  state  of  grey  hepatization,  and  there  was  a  thin  fibrinous  layer 
on  parts  of  the  surface.  There  were  early  pneumonic  patches  in  the  upper  lobe.  Xo,  infarction 
could  be  made  out.  The  heart  was  enormously  h>i>ertrophied  and  dilated.  There  was  old 
endocarditis  of  the  mitral  and  aortic  valves,  apparently  with  lx)th  obstruction  and  incompetence. 

Abdomen. — The  liver,  spleen,  and  kidneys  showel  pronoimced  venous  congestion.  Tlie 
stomach  was  large,  and  contained  a  considerable  quantity  of  slate-coloured  fluid  and  numbers  of 
grape-stones  and  portions  of  graj)es.  X'enous  congestion  was  not  very  marked,  and  while  there 
were  some  quite  recent  hjemorrhages  into  the  mucosa,  there  was  no  ulceration,  nor  exidence  of  old 
hjemorrhages.  Tliere  was  some  jxist-mortem  digestion  towards  the  fundus.  Tlie  orifice  of  the 
oesophagus  was  very  much  congested,  and  there  was  a  small  ulcer  at  one  point,  but  connection 
with  a  vein  could  not  be  made  out.  Externally  the  «psophagus  was  extremely  congested  in  its 
lower  part,  and  the  muscular  tube  stripped  ver>-  cleanly  from  the  connective  tissues.  About  four 
inches  up,  this  condition  ceased  and  the  appearance  became  practically  normal.  Internally  the 
mucous  membrane  was  deeply  congested,  and  there  were  long  streaks  of  blackening  which  looked 
like  the  result  of  haemorrhage  into  the  mucous  coat.  Higher  up  this  tailed  off  into  a  brown 
discoloration  resembling  superficial  necrosis,  and  about  five  inches  from  the  cardia  the  tube 
l>ecame  fairly  normal  in  ap|)earance.  This  contiition  seemed  the  most  likely  source  of  the  haemor- 
rhage noted  during  life,  and  was  regarded  as  ante-mortem  digestion  which  happened  to  open  a 
large  superficial  vein  in  the  oesophagus. 

Case  12. — Puerperal  eclampsia.      HaBmatemssis.      Early  digestion  of  oesophagus. 

>Irs.  R  ,  age  28,  IV-gravida,  was  admitted  to  the  Glasgow  Royal  Maternity  and  Women's 
Hospital  under  the  care  of  Dr.  A.  W.  Russell  on  March  25,  1916,  as  a  case  of  eclampsia.  She  was 
seven  months  pregnant.  Her  previous  confinements  had  been  normal.  Historj'  of  swelling  of 
the  legs  and  feet  for  some  weeks  previously  was  obtainetl.  There  were  sixteen  fits  on  the  day  of 
admission,  and  she  became  imconscious.  On  March  26  she  was  delivered  of  a  macerated  foetus 
3^  lb.  in  weight.     She  remained  persistently  unconscious,  and  died  on  March  30. 

At  the  post-mortem  examination  Dr.  Teacher  was  informd  that  there  had  been  coffee-ground 
\omiting,  but  the  exact  time  before  death  had  not  been  recorded. 

P.M.  Report. — The  body  was  that  of  a  fairly  well-nourished  but  anaemic  woman.  There 
were  nrarks  of  subcutaneous  saline  injections  under  the  mamma>. 

Thorax. — In  the  heart  there  were  a  number  of  subendocardial  haemorrhages,  apparently  quite 
recent.  The  myocardium  showed  some  cloudy  swelling,  but  no  hscmorrhages.  The  lungs  showed 
marked  hyi)ostatic  congestion  and  oedema.  At  the  left  base  there  was  an  area  of  slightly  more 
definite  consolidation  about  the  size  of  a  marble,  apparently  an  infarction. 

Abdomen. — ^There  were  mmierous  pale  and  rather  indistinct  subcapsular  haemorrhages  in 
the  liver,  principally  over  the  right  lobe.  In  section,  there  were  no  distinct  haemorrhages,  but 
there  was  very  advanced  cloudy  swelling,  with  fatty  change  and  fairly  marked  venous  congestion, 
and  a  few  areas  were  seen  of  slightly  larger  size  which  may  have  been  haemorrhagic  rather  than 
simple  congestion.  The  condition  was  cliaracteristic  of  eclampsia,  but  not  very  marked.  The 
spleen  was  considerably  enlarged,  congested,  fairly  firm,  wth  abundant  dark-grey  pulp.  The 
ladneys  showed  slight  evidence  of  old  nephritis,  the  surface  being  vefj-  slightly  graniUar,  and  there 
were  some  depressed  areas  like  arteriosclerotic  patches  (the  aorta  and  main  vessels,  however, 
showed  no  arteriosclerosis).  The  cortex  was  ver>-  broad  and  yellow,  apparently  from  advanced 
cloudy  swelling  and  fatty  change.  No  haemorrhagic  areas  or  infarcts.  The  stomach  contained 
a  quantity  of  ;  laty-grey  fluid.  The  oesophagus  appeared  wide,  and  on  opening  was  found  to 
contain  black  fluid,  and  the  lower  four  inches  of  it  showed  commencing  digestion.  From  the 
clinical  history  of  coffee-ground  vomiting  this  (in  the  absence  of  lesion  in  the  stomach)  was 
probably  intra  vitam  in  origin,  and  the  cause  of  the  coffee-ground  vomiting. 

Case  13. — ^Puerperal  eclampsia.  Vomiting'  of  brown  material  and  pain  in  ch.est.  Advanced 
digestion  of  oesophagus-  Haemorrhages  under  pleurae.  Widespread  digestion  of  surfaces 
of  lungs. 

M.  McS.  was  admitted  to  the  Maternity  Hospital  on  Sept.  16,  1918.  under  the  care  of  Prof. 
Munro  Kerr.  She  had  had  two  fits  before  admission,  and  two  occurred  after  admission.  The 
usual  treatment  was  given.  She  vomited  some  green  material,  but  appeared  to  be  improxing 
on  Sept.  17.  On  Sept.  19  she  complained  of  soreness  over  the  right  lung  and  pain  between  the 
sternum  and  shoulders.  On  Sept.  20  labour- commenced  in  the  evening,  and  delivery  was  com- 
pleted by  forceps  about  1.0  a.m.  on  Sept.  21.  The  child  was  macerated.  On  the  same  day  she 
vomited'  brownish  material  at  8.0  a.m.  She  suffered  ftt)m  a  "  sore  cough,"  and  again  vomited 
brown  material  af  3.0  p.m.     .She  died  at  9.40  p.m.  on  Sept.  22. 
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P.M.  Report. — The  body  was  that  of  a  strongly  built,  well-nourished  young  woman. 

Thorax. — ^The  heart  showed  some  cloudy  swelling,  otherwise  it  was  healthy.  There  was 
much  haemorrhage  about  the  surface  of  both  lungs  under  the  pleura,  distributed  principally  up 
the  back  and  inner  aspect  of  both  lungs,  not  only  at  the  base,  but  also  to  a  considerable  extent  near 
the  apex.  The  right  lung  showed  a  somewhat  patchy,  but  well-developed,  pneumonia.  The 
lower  four  inches  or  thereby  of  the  oesophagus  was  reduced  to  shreds,  and  the  connective  tissue 
around  it  was  in  a  gelatinous  condition,  and  black  from  infiltration  with  altered  blood.  There 
was  also  distinct  digestion  of  the  portions  of  both  lungs  adjacent  to  the  oesophagus.  The  digestion 
was  less  marked,  but  still  present,  above  the  level  of  the  bifurcation  of  the  trachea.  It  did  not 
extend  beyond  the  cardiac  orifice,  and  there  was  no  digestion  of  the  stomach  and  no  erosion  or 
ulceration.     The  contents  of  the  stomach  were  blackish  from  the  presence  of  altered  blood. 

Abdomen. — The  liver  was  large  and  of  motled-red  and  yellow  colour,  and  there  was  very 
advanced  cloudy  swelling.  There  were  none  of  the  haemorrhages  which  are  seen  in  many  cases 
of  eclampsia.  The  spleen  was  slightly  enlarged  and  soft.  The  kidneys  showed  well-marked 
cloudy  swelling  and  some  masking  of  the  markings  and  congestion  suggestive  of  subacute  nephritis. 

Case  14. — Fracture  of  femur.  Abdominal  section.  Haematemesls.  Early  digrestion  of 
oesophagras. 

J.  S.,  afje  52,  was  admitted  to  the  Royal  Infirmary  on  Nov.  17,  1918,  under  the  care  of 
Mr.  Rutherfurd,  with  a  history  of  having  fallen  from  the  footplate  of  a  locomotive,  and 
sustained  injury  to  the  bft  hip.  There  was  found  to  be  a  fracture  of  the  neck  of  the 
lefc  femur.  A  few  days  after  a  Imission  he  complained  of  abdominal  pain,  which  was  relieved 
by  an  enema.  The  stool j  were  suggestive  of  b'ood  being  present,  but  examination  gave  a 
negative  result.  On  the  e\  ening  of  Nov.  27,  patient  vomited  a  considerable  quantity  of  material 
containing  stale  blood,  and  the  abdomen  became  distended  and  rather  tense,  with  dullness  in 
both  flanks.  The  abdomen  was  opened  the  following  morning,  but  no  free  fluid  was  found,  and 
nothing  was  found  in  the  intestines  or  stomach.  The  abdominal  pain  continued,  but  without 
further  vomiting.     The  abdomen  remained  quite  soft  until  the  patient  died. 

P.M.  Report  (No.  9299),  Nov.  30,  1918. — The  body  was  that  of  a  small,  rather  poorly 
nourished  man.  There  was  marked  eversion  of  the  left  foot,  the  hip  was  fixed,  and  there  was 
a  good  deal  of  swelling  around  it. 

Thorax. — The  lungs  were  rather  atrophic,  and  there  was  an  early  bronchopneumonia  in  the 
upper  lobe  of  the  right  lung.  The  heart  was  large  and  powerful,  there  being  distinct  hypertrophy 
of  the  left  ventricle.     There  was  some  atheroma  of  the  coronary  arteries.     No  valvular  lesion. 

Abdomen. — The  liver  showed  some  cloudy  swelling.  The  spleen  was  rather  large  and  soft, 
and  there  were  old  adhesions  over  it.  The  kidneys  were  about  normal  in  size,  and  did  not  show 
definite  interstitial  change,  but  the  arteries  were  somewhat  thickened.  There  was  no  pancreatitis. 
On  proceeding  to  remove  the  stomach,  the  cESophagus  was  found  to  be  very  large,  being  dilated 
immediately  above  the  cardiac  ring  to  a  diameter  of  nearly  an  inch  and  a  half.  This  condition 
extended  up  for  about  four  inches,  and  then  the  tube  returned  gradually  to  the  normal  size.  There 
was  no  perforation,  but  the  exterior  of  the  tube  was  blackened  in  patches  over  the  dilated  part. 
This  was  most  noticeable  on  the  left  side,  and  there  was  one  bulge  which  suggested  yielding  of  the 
wall.  The  oesophagus  was  found  to  contain  a  large  quantity  of  black  fluid,  which  clearly  was 
altered  blood.  The  interior  of  the  dilated  portion  was  obviously  in  a  digested  condition.  Most  of 
the  mucous  coat  was  softened,  and  a  good  deal  of  it  was  dissolved,  and  at  the  point  corresponding 
to  the  bulge  there  was  what  looked  like  ulceration  into  a  vein.  The  stomach  was  full  of  black 
turbid  fluid.  There  was  no  ulceration,  and  digestion  could  not  be  made  out.  The  whole  organ 
felt  rather  soft.     The  intestines  were  irregularly  contracted.     There  was  no  obstruction. 

There  was  a  fracture  of  the  neck  of  the  femur  close  to  the  head,  and  impaction  of  the  neck 
into  the  trochanters.     The  head  was  loose.     There  was  no  sign  of  healing. 

Case\5. — Excision  of  grangrrenous  appendix.    Heematemesis.    Early  digrestion  of  oesophagrus. 

A.  M.,  age  about  20,  was  admitted  under  the  care  of  Mr.  Rutherfurd  on  Nov.  29,  1918.  Two 
days  before  admission  patient  had  pain  in  the  right  side  of  the  abdomen,  accompanied  by  sickness 
and  vomiting.  On  admission,  the  abdomen  was  quite  lax,  with  slight  tenderness  over  McBurney's 
point.  On  Nov.  30  the  abdomen  was  opened.  Appendix  found  gangrenous  in  distal  third. 
Appendicectomy  performed  and  abdomen  closed.  A  few  hours  after  operation  patient  became 
very  sick,  and  during  the  night  vomited  a  quantity  of  dark  coffee-coloured  fluid.  Died  on  evening 
of  Dec.  1,  twenty-eight  hours  after  operation. 

P.M.  Report  (No.  9301),  Dec.  2,  1918. — The  body  was  that  of  a  very  well-built  and  very 
well-nourished  young  woman.  There  was  a  closed  operation  wound  in  the  right  iliac  region. 
Hypostasis  was  very  marked. 

Thorax. — The  heart  showed  advanced  cloudy  swelling  of  the  muscle  ;  it  was  otherwise  normal. 
The  lungs  showed  marked  hypostatic  congestion  and  very  slight  oedema.  In  view  of  the  history, 
the  oesophagus  was  cleared,  and  was  found  to  be  dilated  immediately  above  the  diaphragm,  and 
at  one  point  on  the  lateral  wall  about  an  inch  and  a  half  above  the  diaphragm,  and  rather  to  the 
left  side,  there  was  some  black  colour  and  a  slight  tendency  to  local  bulging.  On  opening,  the 
tube  was  found  to  contain  quantities  of  thin  black  fluid.  The  inner  surface  was  extensively  but 
superficially  digested,  and  at  a  point  corresponding  with  the  bulging  above  mentioned,  there  was 
a  little  area  which  looked  like  an  ulceration  into  a  vein.     It  was,  however,  not  found  possible  to 
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pass  a  fine  prolje  into  the  vessel.  The  digestion  extended  from  immediately  aljove  the  cardiac 
ring  to  within  about  two  inches  of  the  glottis.  There  was  no  haemorrhage  into  the  walls  of  the 
oesophagus,  the  dark  appearance  apparently  having  been  due  to  the  black  contents  showing 
through  the  thinnest  part  of  the  wall. 

Abdomen. — The  stomach  contained  qxantities  of  similar  b'ack  fluid.  There  was  no  ulceration 
at  any  point,  and  no  punctiform  haemorrhages.  The  fundus  felt  rather  softer  and  was  more  relaxed 
than  the  pyloric  end,  there  being  apparently  very  slight  digestion,  but  it  did  not  amount  to 
breaking  down  of  the  mucous  membrane.  The  liver  and  kidneys  showed  some  cloudy  swelling. 
The  spleen  was  rather  large,  but  without  marked  fullness  of  the  pulp.  There  was  no  general 
peritonitis.  The  region  of  operation  was  well  shut  off  by  fibrinous  adhesions.  There  were  a  few 
ounces  of  thick  fluid  in  the  neighbourhood  of  the  stump  and  in  the  pelvic  cavity.  The  condition 
looked  one  from  which  the  patient  might  have  recovered. 

DISCUSSION. 

Before  proceeding  to  discuss  the  e\idcnce  that  the  digestion  of  the  oesophagus  is  a 
process  which  had  occurred  during  life,  it  must  be  admitted  that  in  all  probability  the 
digestion  continues  after  death,  and  that  .some  of  the  appearances  described  may  be  due 
to  this.  On  the  other  hand,  these  post-mortem  changes  would  have  the  effect  of  destroy- 
ing the  indications  of  vital  reaction,  such  as  the  formation  of  fibrin  in  the  pleural  sacs, 
and  of  obscuring  small  haemorrhages  into  the  tissues  of  the  oesophagus.  This  may  well 
have  occurred  in  some  of  the  cases  which  showed  very  advanced  destruction  of  the 
oesophagus  and  adjacent  structures.  Moreover,  Cases  14  and  15,  in  which  the  changes 
w^ere  not  advanced,  might  on  this  account  have  been  passed  over  as  post-mortem  in 
nature  but  for  the  clinical  observation  of  coffee-ground  vomiting. 

Perhaps  the  most  important  of  all  the  records  is  that  of  M.  B.  (Case  1 — J.  H.  P.).  The 
oesophagus  from  this  patient  exhibited  {Fig.  443)  numerous  submucous  and  intramural 
haemorrhages  of  var\'ing  extent,  many  of  them  comparatively  large  ;  and  while  for  the 
most  part  the  mucous  membrane  over  them  is  intact,  a  superficial  disintegration  of  the 
membrane  has  taken  place  over  some  of  them,  resulting  in  the  development  of  more  or 
less  w^idespread  "erosions."  We  regard  this  case  as  showing  an  early  stage  of  the  condition, 
remarkably  free  from  i>ost-mortem  change.  In  addition,  there  is  a  very  definite  ring  of 
ulceration  round  the  entire  circumference  of  the  cardiac  extremity  of  the  gullet,  ending 
abruptly  in  a  ver\'  shaqjiy-cut  margin  at  the  junction  of  the  oesophageal  with  the  gastric 
mucous  membrane,  and  becoming  less  marked  the  further  it  recedes  from  the  stomach. 

It  is  to  be  noted  that  in  all  cases  this  sharply-defined  ulceration  of  the  mucous 
membrane  has  been  observed  at  the  very  termination  of  the  cesophagus.  In  fact,  the 
lower  part  of  the  gullet  has  always  appeared  to  have  suffered  more  severely  than  the 
upper  ;  and  when  perforation  has  occurred,  it  has  always  been  found  low  down  in  the 
tube.  Possibly  the  constriction  of  the  gullet  by  the  diaphragm  is  responsible  for  this 
ring  of  ulceration  ;  for  it  would  appear  that  the  compression  exerted  by  the  diaphragm 
on  the  oesophagus  is  very  tight,  as  it  has  been  remarkable  how  empty  the  stomach  has 
been  of  blood  in  nearl>'*all  the  cases  we  have  examined. 

Almost  as  important  as  Case  1  is  Case  4  (J.  H.  P.).  In  the  specimen  from  this  case 
( Fig.  444)  there  is  evidence  of  submucous  haemorrhages  in  the  upper  part  of  the  tube  not 
unlike  those  seen  in  Case  1. 

If  the  haemorrhages,  which  would  undoubtedly  predispose  to  erosion  and  perforation 
of  the  walls  of  the  oesophagus,  occur  during  life,  as  we  believe,  the  haematemesis  can  be 
explained  by  the  erosion  of  the  mucous  membrane  over  and  around  them.  The  chief 
fact  in  favour  of  these  being  the  result  of  a  process  commencing  intra  vitam  is  that  they 
are  real  intramural  haemorrhages  and  not  post-mortem  stainings. 

We  particularly  draw  attention  to  the  fact  that  in  Case  1  (J.  H.  P.)  the  patient  com- 
plained of  a  retrosternal  pain,  for  this  is  highly  characteristic  of  oesophageal  irritation — 
e.g.,  by  a  foreign  body  caught  low  down  in  the  gullet.  Nothing  suggestive  of  this  was 
observed  in  any  of  the  other  cases  except  Case  14  (puerperal  eclampsia — Dr.  Munro  Kerr), 
but  then  they  were  mostly  much  more  rapid  in  their  course  than  these  two. 

The  second  fact  of  importance  in  Case  4  (J.  H.  P.)  is  that  in  the  left  pleural  cavity 
evidence  of  the  reaction  of  the  tissues  to  the  irritant  in  their  immediate  neighbourhood 
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was  observed  in  the  form  of  a  fibrinous  exudate  on  tlie  pleural  surface,  and  inllaniniatory 
reaction  in  the  superficial  alveoli  of  the  lung  adjacent  to  the  cesophagus.  In  this  case 
the  cesophagus  was  perforated,  but  the  extravasation  had  not  extended  into  the  pleural 
sac.  It  may  quite  well  have  happened  in  several  of  the  cases  in  which  this  had  taken 
place,  that  any  fibrin,  which  might  have  formed,  had  been  digested  ;  but  in  several  cases 
the  hscmorrhages  into  the  hmgs,  and  the  small  widespread  subpleural  ecchymoses,  remained 
as  evidence  of  the  vital  nature  of  the  condition. 

We  see  no  improbability  in  the  suggestion  that  perforation  and  leakage  from  the 
oesophagus  may  actually  be  the  final  cause  of  death  from  shock.  Nor  is  it  impossible  in 
our  opinion  that  a  condition  such  as  is  shown  in  Fig.  443  might  be  recovered  from,  if  there 
were  no  lethal  disease  present  at  the  same  time.  A  far  worse  local  condition  of  the 
oesophagus  must  have  been  induced  in  many  instances  where  caustic  fluids  have  been 
swallowed  and  in  which  recovery  still  occurred. 

What  we  believe  takes  place  in  these  cases  is  that  in  the  course  of  a  toxic  disease 
gastric  juice  escapes  into  the  cesophagus  and  may  not  be  expelled,  but,  lying  in  the  lumen, 
is  able  to  start  and  establish  a  process  of  digestion  of  the  already  devitalized  coats  of  the 
gullet.  We  believe  that  the  oesophagus  from  Case  1  exemplifies  an  early  stage  of  this 
process  ;  and  it  is  to  be  observed  that  in  Case  4  the  patient  vomited  blood  before  the 
operation  was  commenced,  which  is  at  least  suggestive  of  the  presence  at  that  time  of  a 
state  analogous  to  that  found  in  Case  1.  It  appears  to  us  that  any  operation,  with  the 
resulting  shock,  and  the  general  anaesthetic  if  one  has  been  employed,  must  only  be 
looked  on  as  predisposing  conditions  acting  as  devitalizing  agencies. 

This  view  is  supported  by  consideration  of  those  cases  in  which  no  operation  had  been 
performed.  These  were  cases  either  of  acute  infections — two  pneumonias  and  one  anthrax  ; 
or  intense  toxic  conditions — two  puerperal  eclampsias  and  one  obscure  condition  in  which 
acute  degenerative  change  in  the  liver  was  the  principal  feature.  We  hold  that  these 
cases  substantiate  our  contention  that  digestion  of  the  oesophagus  is  a  process  which  is 
liable  to  develop  in  any  class  of  case  in  which  the  vitality  of  the  tissues  is  greatly  reduced, 
and  in  which  vomiting  of  active  gastric  juice  happens  also  to  occur. 

SUMMARY     AND     CONCLUSIONS. 

Post-operative  vomiting  of  black  material  or  haematemesis  is  a  symptom  of  great 
importance  to  the  practical  surgeon.  In  some  cases  the  cause  of  these  symptoms  appears 
to  be  digestion  of  the  cesophagus.  This  condition  may  vary  in  different  cases  from 
superficial  erosion  of  the  interior  of  the  oesophagus  to  perforation  or  widespread  destruc- 
tion of  the  tube  and  damage  to  adjacent  structures.  The  vital  nature  of  the  condition 
is  shown  by  the  presence  of  haemorrhages  into  the  oesophageal  wall,  lungs,  and  pleurae  ; 
while,  in  one  case  at  least,  inflammatory  reaction  was  observed  in  the  lungs  and  pleural  sacs. 

The  vomiting  of  black  material  or  actual  haematemesis  was  observed  in  eleven  out  of 
the  above  fifteen  examples  of  digestion  of  the  oesophagus  found  at  post-mortem  examina- 
tion. In  six  of  the  cases  no  operation  had  been  performed,  but  these  were  all  of  a  severe 
infective  or  toxic  nature.  In  contrast  with  the  state  of  the  oesophagus,  there  was  usuallj- 
little  or  no  digestion  of  the  stomach. 

In  conclusion,  we  submit  that  digestion  of  the  oesophagus  may  occur  during  life, 
and  that  as  a  result  blood  may  be  vomited. 

That  this  digestion  may  take  place  in  any  disease  in  which  great  lowering  of  vitality 
occurs. 

That  ante-mortem  digestion  of  the  oesophagus  is  one  cause  of  post-operative 
haematemesis. 
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BONES     SHOWING    THE    EFFECTS     OF     GUNSHOT    INJURIES, 

IN  THE  ARMY  MEDICAL   COLLECTION  NOW  ON  EXHIBITION  IN   THE 
MUSEUM    OF   THE    ROYAL    COLLEGE    OF    SURGEONS   OF    ENGLAND. 

By   Professor    ARTHUR    KEITH,    F.R.S.,    Conservator   of   the   MusEim,  axd 
Cait^ain  MORTON  E.  HALL,  C.A.M.C. 

By  the  end  of  1918,  over  4000  sj)ecimens  had  been  forwarded  to  the  Museum  of  the  Royal 
College  of  Surgeons  of  England  by  the  Medical  Serxices  of  the  British  Imperial  Forces, 
to  illustrate  the  nature  of  the  wounds  and  diseases  which  are  met  with  under  conditions 
of  modem  warfare.  As  the  specimens  arrived,  they  were  numbered,  registered,  and  suit- 
ably stored,  everj-  effort  being  made  to  obtain  and  keep  a  full  history  of  each  specimen. 
Of  these  specimens,  1155  have  been  prepared,  mounted,  described,  and  placed  on  exhibition 
in  the  Museum  of  the  College,  688  of  them  as  'wet'  preparations  to  show  the  damaged 
condition  of  the  soft  tissues,  and  467  as  macerated  preparations  to  show  the  effects  of  gun- 
shot injuries  on  the  skeletal  parts  of  the  body.  The  'wet'  preparations  are  being  investi- 
gated, prepared,  described,  and  constantly  added  to  by  Professor  S.  G.  Shattock  and  Mr. 
Cecil  Beadles.  Here  we  propose  to  deal  with  the  macerated  series  only,  in  which  the 
various  parts  of  the  body  are  represented  as  follows  : — 


Injuries  affecting  the  calvaria  or  cranium 
face 
spine 

pelvis  and  sacrum 
hip-joint 
femur 
knee-joint 
leg 

ankle-joint 
foot 

sternum . . 
ribs 

scapula   . . 
clavicle   . . 
shoulder-joint 
humerus 
elbow-joint 
forearm  . . 
carpus  and  hand 


Total  number  of  macerated  specimens 


109 

37 

32 

36 

5 

76 

14 

49 

9 

7 

1 

3 

24 

14 

3 


13 
3 


467 


How  the  Collection  was  Formed. — Before  proceeding  to  describe  the  macerated  speci- 
mens and  draw  from  them  the  lessons  they  teach,  it  will  be  well  to  give  a  short  account 
of  the  circumstances  under  which  the  Army  Medical  Collection  has  been  brought  together. 

In  November  1914,  a  Committee  was  formed,  under  the  presidency  of  the  Director- 
General  of  the  Army  Medical  Services— then  Sir  Alfred  Keogh — to  compile  a  Medical 
History  of  the  War.  One  of  the  aims  of  this  Committee  was  to  collect  from  casualty 
clearing  stations  and  military'  hospitals  examples  of  wounds  and  diseases,  and  to  examine 
and  preserve  such  specimens,  so  that,  when  the  Medical  History  came  to  be  compiled,  the 
recorders  would  have  access  to  an  ample  supply  of  first-hand  material  on  which  to  base 
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their  descriptions  and  conclusions.  It  was  also  realized  by  the  Committee  that  such 
specimens,  if  suitably  preserved,  would  constitute  instructive  documents  which  might  be 
profitably  examined  and  studied,  not  only  by  military  surgeons  of  to-day,  but  also  by 
their  successors  for  many  generations  to  come. 

In  the  earlier  months  of  the  War  every  endeavour  had  to  be  concentrated  on  the 
immediate  medical  requirements  of  the  Army,  and  hence  it  was  not  until  May,  1915,  that 
measures  were  taken  to  put  the  scheme  of  the  Committee  into  operation.  Sir  Walter 
Fletcher,  who  had  undertaken  the  secretaryship  of  the  Medical  History  Committee  in 
addition  to  his  onerous  post  as  secretary  to  the  Medical  Research  Committee,  approached 
the  Council  of  the  Royal  College  of  Surgeons  on  behalf  of  the  Army  Coimcil,  to  obtain 
its  assistance  in  the  formation  of  an  Army  Medical  Collection.  The  Council  of  the  College 
responded  at  once  by  placing  its  museum  staff  and  workrooms  at  the  disposal  of  the  Army 
Council. 

Although  circular  memoranda  were  issued  to  medical  officers,  detailing  the  aims  of 
the  Committee  and  the  methods  to  be  observed  in  selecting,  preserving,  and  dispatching 
specimens,  the  results  were  meagre,  and  remained  so  until  the  commencement  of  1916, 
when  the  Director-General  of  Medical  Services  in  France — then  Sir  Arthur  Sloggett — 
placed  Lieutenant-Colonel  T.  R.  Elliott  in  charge  of  this  particular  service.  Specimens 
then  arrived  in  numbers  ;  they  were  selected  examples,  preserved  by  the  latest  and  best 
methods.  The  co-operation  was  enlisted  of  the  younger  pathologists  and  surgeons  attached 
to  clearing  stations  and  hospitals  in  France — Captain  Herbert  Henry,  Captain  T.  G.  Shore. 
Major  G.  Richardson,  Captain  Adrian  Stokes,  Lieutenant-Colonel  E.  M.  Cowell,  Major 
S.  W.  McNee,  Captain  A.  Petrie,  and  many  others.  At  a  later  date  the  Canadian  and 
Australian  Medical  Corps  organized  similar  collecting  services ;  so  that  although  the  greater 
part  of  the  collection  now  in  the  Museum  of  the  Royal  College  of  Surgeons  represents  the 
effort  of  the  Royal  Army  Medical  Corps,  yet  large  sections  of  it  have  been  gathered  by 
the  Colonial  sister  services.  These  sections  will  be  set  up  as  Army  Medical  Collections 
in  Canada  and  Australia. 

There  was  no  intention  at  the  outset  of  forming  a  separate  series  of  macerated  speci- 
mens. It  is  true  that  almost  from  the  commencement  specimens  of  this  kind  were 
received  from  France,  particularly  from  Major  G.  Richardson,  who  adopted  a  special 
process  of  his  own  for  cleansing  bones,  and  has  enriched  the  collection  by  some  of  the 
most  instructive  specimens  to  be  found  in  it.  The  movement  which  led  to  the  formation 
of  a  macerated  series  came  from  Cambridge  University.  When  IJeutenant-Colonel  Sir 
John  Bland-Sutton  was  appointed  by  the  Director- General,  in  the  spring  of  1917,  to 
stimulate  and  organize  the  collection  of  specimens  from  home  sources,  he  found  that  a 
collection  of  macerated  specimens,  showing  excellent  workmanship,  had  been  gathered  in 
the  Pathological  Museum  of  the  University  of  Cambridge.  The  material  from  which  the 
specimens  had  been  prepared  was  obtained  from  No.  1  Eastern  General  Hospital,  imder 
the  command  of  Lieutenant-Colonel  Joseph  Griffiths,  and  represented  lesions  sustained 
by  soldiers  during  the  opening  years  of  the  war— lesions  of  bones  in  all  stages  of  repair 
and  disruption.  They  were  the  work  of  Sergeant  F.  A.  Izzard,  who  had  applied  to  theni 
a  simple  and  expeditious  method  of  maceration  he  had  elaborated  during  many  years  of 
service  as  assistant  in  the  Pathological  Department  of  the  University.  Sergeant  Izzard 
has  printed  and  distributed  a  leaflet  giving  an  account  of  his  method,  which,  in  our 
opinion,  yields  far  better  results  than  any  other  ;  it  is  expeditious,  and  preserves 
unharmed  the  most  delicate  structural  features  of  bones,  be  they  diseased  or  healthy. 

Description  of  Mkthod  used  by  Sergeant  F.  A.  Izzard. 

A  preparation  from  the  operating  theatre  or  post-mortem  room  is  placetl  in  an  earthenware 
jar  or  pot  of  suitable  size  filled  with  water  at  a  temperature  of  80°  F.,  and  at  this  temperature 
the  water  is  maintained  day  and  night  for  four  days.  On  the  fifth  day  the  water  is  jwured  ofl. 
and  the  jar  again  filled  up  with  fresh  water  at  the  same  temperature  (80°).  Every  fifth  day  this 
operation  is  repeated.  By  the  tenth,  fifteenth,  or  twentieth  day  it  will  be  found  that  the  soft 
tissues  will  have  separated  from  the  bones  and  left  them  exposed.  Sergeant  Izzard  is  of  opinion 
that  the  greater  the  amount  of  soft  tissues  left  on  the  bones,  the  better  and  quicker  does  the  process 
of  macerating  proceed  ;   there  is,  he  says,  no  greater  error  than  in  seeking  to  expedite  the  process 
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by  clearing  off  all  the  soft  tissues  before  placing  the  part  in  the  macerating  pot.  All  that  should 
lie  done  then  is  to  make  incisions  in  the  soft  parts,  merely  skin  and  fascia  deep,  so  that  the  macerating 
fluid  may  have  free  access  to  the  underhing  parts.  The  process  is  one  of  bacterial  digestion.  A 
certain  degree  of  stench  accompanies  the  process.  ANTien  it  is  seen  that  the  bones  are  exposed 
and  separated  from  the  soft  tissues,  they  are  taken  fttim  the  macerating  pot  and  scalded  with  two 
or  three  kettles  of  boiling  water,  which  will  clean  all  excess  of  filth  fitim  the  bones.  The  bones 
are  then  scrubbed  with  soap  in  boiling  water,  a  tooth  brush  being  used  for  this  purpose,  the  ordinary 
nail  bru-ih  being  much  too  coarse.  AVhen  thus  scrubbed,  the  bones  are  again  scalded  in  boiling 
water  to  remove  soap  and  any  other  matter  which  may  still  cling  to  them.  They  are  then  dried 
in  the  sun  or  bj'  the  fire.  When  dried,  they  are  examined  to  see  if  they  are  firee  from  grease  ; 
if  grease  is  present,  they  must  be  placed  in  benzoline  for  two  days,  the  benzoline  being  given  free 
access  to  the  medullar>'  ca\ity  by  drilling  minute  holes  if  necessary.  \Mien  remov«i  from  the 
benzoline  retort  the  bones  are  usually  dry  and  of  a  good  colour  ;  but  if  whiteness  is  desired,  this 
can  be  obtained  by  placing  them  for  several  days  in  a  10  per  cent  solution  of  peroxide  of  hydrogen 
— distilled  water  being  us^  in  the  solution.  This  bleaching  solution  may  ser\'e  for  several  relays 
of  specimens  before  becoming  inert. 

We  have  given  Sergeant  Izzard's  method  in  some  detail  because  of  the  excellence  of 
the  specimens  which  it  has  yielded  in  his  hands.  The  Cambridge  specimens  which  were 
thus  prepared  became  the  nucleus  of  the  Army  Medical  Collection  of  Macerated  Specimens 
at  the  Royal  College  of  Surgeons.  They  were  sixty  in  number  ;  but  unfortunately  in 
several  instances  it  was  impossible  to  obtain  a  history  of  the  case  from  which  they  had 
been  derived.  Sergeant  Izzard  went  to  France  in  March,  1917,  and,  working  under 
Captain  T.  G.  Shore,  prepared  a  particularly  valuable  series  of  sjjecimens.  For  over  a 
year  he  has  continued  this  work  for  the  Army  Collection  at  the  Museum  of  the  Royal 
College  of  Surgeons. 

In  mounting  preparations  showing  the  explosive  or  disruptive  forms  of  gunshot 
injuries,  no  attempt  has  been  made  to  represent  the  scatter  or  disruption  of  fragments  ; 
in  every  instance  the  fragments  have  been  again  fitted  together,  so  that  in  the  mounted 
macerated  specimen  we  have  a  representation  of  the  lines  along  which  the  skull  or  bone- 
shaft  ruptured  when  struck  by  the  missile. 

Having  thus  given  an  account  of  the  formation  of  the  Macerated  Collection,  we  shall 
now  proceed  to  describe  the  types  of  injury-  which  are  met  with  in  the  various  bones  of 
the  body,  commencing  with  the  cranium  or  brain-containing  part  of  the  skull. 

INJURIES  TO  THE  CRANIAL  PART  OF  THE  SKULL. 

As  already  mentioned,  there  are  109  preparations  of  cranial  injury-.  In  Section  I  of 
this  article  we  describe  what  may  be  called  the  type  specimens  ;  in  Section  II  we 
illustrate  variants  of  the  type  specimens. 

Section    /.—TYPE    SPECIMENS. 

We  have  di\ided  these  injuries  into  three  main  groups:  (1)  Contused:  (2)  Pene- 
trating ;    (3)  Perforating  (through-and-through). 

Group  1.— -Contused  Injukies  of  the  Cranium. 

The  term  contused  has  been  used  to  include  a  variety  of  injuries  in  which  the  projectile 
did  not  enter  the  cranial  ca^ity.  In  this  group  are  included  injuries  due  to  a  projectile 
striking  the  skull  a  direct  blow  but  with  insuflBcient  momentum  to  carry  it  through  the 
cranial  wall,  or  those  where  an  area  of  skull  is  crushed  by  a  missile — such  as  a 
fragment  of  shell  or  spjent  bullet.  This  group  also  includes  injuries  resulting  from  a 
tangential  or  glancing  blow  from  a  projectile — such  projectiles  usually  having  consider- 
able momentum.  In  the  collection  there  are  67  specimens  showing  contused  injury. 
We  have  di^^ded  such  injuries  into  four  classes  :  (a)  Internal  table  only  ;  (b)  External 
table  only  ;  (c)  External  table  slightly,  very  marked  internal  table ;  (d)  Grooved  and 
massive,  involving  both  tables  over  an  extensive  area.  Elach  of  the  classes  has  again  been 
classified  on  an  anatomical  basis  according  to  the  bone  affected,  as  frontal,  parietal, 
occipital,  etc. 
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a.  Contused  Injuries  without  Depression  of  External  Cranial  Table  but  with 
Fracture  of  Inner  Table. — There  are  5  specimens  in  the  War  Olliee  Clolleetion  showing  the 
above  type  of  injury,  4  of  the  parietal  bone  and  1  of  the  occipital  bone.  The  reason 
why  this  type  of  injury  is  so  sparsely  represented  is  probably  owing  to  the  low  mortality 
which  attends  its  infliction.  The  external  table,  being  unbroken,  prevents  the  entrance 
of  infection.  Also,  when  recognized  by  the  surgeon,  this  type  of  injury  has  responded 
most  readily  to  radical  operative  treatment,  and  for  this  reason  a  description  of  the  speci- 
mens will  be  of  value. 

Two  specimens,  Nos.  1.201  and  1.202,  have  been  selected  to  illustrate  tliis  tyi)e  of 
injury   {Figs.   445rt,    4456,   and    446f/,    4466). 

!  No.  1.201  shows  an  irregular  oval  area  (29  x  18  mm.)  on  the  external  tabic  of  the 
left  parietal  bone,  near  its  postero-medial  angle,  where  the  missile  struck.  It  is  slightly 
discoloured,  but  there  is  no  fracture  or  depression.  The  internal  view  shows  an  area  of 
the  internal  table,  irregularly  oval  in  shape  (28  x  25  mm.),  which  is  semi-detached 
from  the  diploe  opposite  the  area  of  impact.  There  are  two  fragments.  The  semi- 
detached area  involves  the  terminal  branches  of  the  middle  meningeal  v-essels  of  the  left 


FIG.  445a. — No.  1.201.  External  view,  showing  the  area 
of  left  parietal  bone  struck  by  the  projectile.  No  fracture 
or  Assuring  Ls  observed  at  point  of  injury. 


Fig.  4456. — No  1.201.  View  of  the  internal  surface 
of  calvaria,  showing  the  extent  of  fracture,  with  two 
detached  fragments. 


side.  The  soldier  was  wounded  on  April  12,  1917.  On  admission  to  hospital  he  had  a 
gutter  scalp  wound  near  the  left  parietal  eminence,  and  was  in  a  comatose  condition.  The 
scalp  wound  became  rapidly  septic,  and  he  died  April  22,  ten  days  after  injury.  At  the 
autopsy  a  considerable  subdural  haemorrhage  was  found  at  the  site  of  fracture,  with  pulpinji 
of  the  cerebral  cortex.  No  note  was  made  of  the  condition  of  the  dura.  In  this  case  it 
is  probable  that  the  missile  did  not  actually  strike  the  bone,  the  fracture  being  produced 
by  the  lateral  displacement  of  the  soft  tissues  which  lay  in  its  track. 

Specimen  No.  1.202  shows  a  contused  injury  just  above  the  eminence  of  tlie  left 
parietal  bone.  At  the  point  of  impact  of  the  missile  there  is  a  circular  area  of  the  external 
table,  30  mm.  in  diameter,  which  is  discoloured,  but  which  shows  no  depression  or  fracture. 
From  the  posterior  margin  of  this  area  a  fissure  extends  across  the  vertex  to  the  right 
temporal  line.  The  internal  table  is  depressed — the  depressed  area  showing  two  fissures, 
but  no  separation  of  fragments.  A  fissure,  corresponding  to  that  seen  on  the  external 
surface,  extends  across  the  vertex,  but  does  not  extend  into  either  fissure  at  the 
site  of  fracture.  Unfortunately  we  have  been  unable  to  obtain  a  clinical  history  oi 
this  specimen. 

Specimen  No.  1.2023  demonstrates  a  more  severe  type  of  injury  of  the  inner  table. 
The  external  surface  of  the  calvaria,  near  the  antero-medial  angle  of  the  right  parietal 
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bone,  presents  an  oval  area  30  x  20  mm.  on  the  outer  table,  which  is  bruised,  but  not 
fractured  or  depressed.  The  inner  surface  shows  complete  fracture  and  detachment  of  the 
iimer  table,  over  a  pear-shaped  area  20  x  30  mm.  Five  fragments  were  found  embedded 
deep  in  the  substance  of  the  left  hemisphere  There  was  a  gutter  scalp  wound,  8  cm.  long, 
over  the  site  of  fracture.  This  specimen  was  presented  to  the  collection  by  Dr.  Harvey 
Gushing,  of  the  American  Medical  Service,  and  has  been  fully  described  by  him  in  this 
journal.* 


Fig.  44i«<i. — Xo.  l.iui.  K.xtcnial  >urf<4Ce  ui  citi- 
vaiia,  showiiiL'  the  circular  discoloured  area  of  impact 
o_;  the  left  parietal  bone. 


1  Iti.  iUib, — Xo.  1.2iKi.  View  of  the  internal  surface 
of  the  calvaria,  showiii!;  a  depre^eii  fracture  of  the 
iimer  table  opposite  the  discoloured  area. 


We  do  not  propose  to  discuss  the  mechanism  underhing  this  tj-pe  of  fracture  ;  we 
simply  point  out  that  the  internal  table  is  more  brittle  and  less  supported  than  the 
external  table.  The  internal  table  therefore  suffers  most,  and  develops  a  depressed 
fracture  ;  not  unusually,  as  in  specimen  No.  1.2023,  its  fragments  are  driven  deeply 
into  the  substance  of  the  brain.  In  sf)ecimen  Xo.  1.201,  the  injur\-  to  the  internal  table 
is  local  ;  while  in  specimen  Xo.  1.202,  fissures  extend  a  considerable  distance  from  the 
pjoint  of  impact. 

b.  Contused  Injuries  of  External  Table,  without  Injury  to  Internal  Table. — 
There  are  3  specimens  in  the  Collection  showing  the  above  class  of  injury  ;  2  are 
of  the  frontal  bone,  and  1  of  the  parietal  bone.  I2ach  of  the  specimens  shows  a  more 
severe  injury  of  another  class.  Specimen  Xo.  1.131  may  be  taken  as  a  typ>e.  There  is  a 
contused  wound  of  the  frontal  bone  above  the  right  superciliar\'  eminence,  with  an 
aperture  7x5  mm.  in  the  external  table,  opening  into  the  upper  limit  of  the  frontal 
sinus  ;  the  inner  table  is  splintered  and  detached,  .\bove  the  right  frontal  eminence  a 
thin  fragment  of  metal  is  lodged  in  the  external  table,  but  with  no  injury  to  the  inner  table. 
The  soldier  was  wounded  on  June  7,  1917.  He  suddenly  became  unconscious  on  June  19, 
and  died  the  same  day.  An  abscess  of  the  frontal  lobe  was  found  at  the  autopsy,  as  a 
sequel  to  the  major  injurj'.  In  the  three  sp)ecimens  in  the  collection  with  injury  to  the 
external  table,  the  injur\-  has  been  the  result  of  small  shell-fragments  with  sharp  margins, 
and  e\idently  with  insufficient  momentum  to  i>enetrate  the  inner  table. 

c.  Contused  Injuries  in  which  the  Outer  Table  shows  Slight  Injury  and  the  Inner 
Table  Marked  Comminution. — There  are  16  specimens  in  the  Collection  showing  the  above 
variety  of  injuries,  of  which  5  are  of  the  frontal  bone,  11  of  the  parietal,  and  1 
of  the  occipital.  In  this  t\-pe  of  injury,  in  contrast  to  the  lesions  we  have  grouped  in 
class  (a),  there  is  fracture  of  the  outer  table,  the  fragments  of  which  are  driven  inwards 


*  Brii.  Jour.  Surg.    1918j   April,    p.   567. 
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and  act  as  an  aid  in  the  destruction  of  the  inner  table.  In  the  majority  of  the  specimens, 
the  fragments  of  the  fractured  inner  table  have  been  driven  into  tiu-  brain  substance,  pro- 
ducing a  laceration  of  the  dura. 

Specimen  No.  1.204  is  an  example  of  this  injury  {Figs.  447 r/,  447/;).     Tiiere  is  a  small 
depressed  fracture  in  the  upper  part  of  the  Rolandic  area  of  the  left  parietal  eminence, 


Fig.  447o.  No.  1.204.  External  surface  of 
calvaria,  showing  depressed  fracture  of  the  outer 
table  of  the  left  parietal  bone.  There  is  no 
fissiiring. 


Fig.  4476. — No.  1.204.  Showing  the  fracture  of  the 
inner  table,  with  several  detached  fragments.  Tlic 
marginal  diagram  represents  a  transverse  section 
through  the  bone  at  the  point  of  injury. 


caused  by  a  fragment  of  shell.  There  is  no  Assuring  of  the  outer  table,  which  is 
merely  crushed  into  the  diploe,  but  the  inner  table  is  splintered  into  several  fragments 
which  are  detached.     The  history  of  this  case  is  not  known. 

f  Specimen  No.  1.2024  shows  a  more  marked  injury  to  the  outer  table  {Fig.  448a). 
There  is  a  radiating  fissure  of  the  right  parietal  bone  near  the  inferior  margin.  An 
irregular  area  33  x  9  mm.  is  splintered  into  five  fragments,  three  of  which  are  depressed 
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Fig.  448a.— No.  1.2024.  External  surface  of  the 
right  parietal  bone,  showing  a  depressed  fracture 
with  fiasuring. 


Fig.  4486.— No.  1.2024.  View  of  iiiteraal  surface, 
showing  injury  of  inner  table.  The  fragments  are  de- 
pressed, and  one  fragment  is  missing.  Tlie  underlying 
meningeal  vessels  were  ruptured. 


and  driven  into  the  diploe.  From  this  area  a  fissure  extends  to  the  coronal  suture  near 
the  antero-medial  angle.  A  .second  fissure  extends  downwards  to  the  base.  The  inner 
table  under  the  depressed  area  of  the  outer  table  is  comminuted,  with  depression  of  the 
fragments,  one  of  which  was  entirely  detached  and  driven  into  the  underlying  cortex. 
The  patient  was  wounded  Aug.  18,  1917.     The  wound  of  the  scalp  was  excised,  and  no 
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fracture  could  be  felt  ;  there  was  no  e\idence  of  cerebral  injury.  There  were  also  wounds 
of  the  right  arm  and  shoulder.  He  became  comatose,  and  died  Aug.  22.  four  days  after 
injury.  The  posterior  branch  of  the  meningeal  artery  was  found  to  have  been  lacerated 
by  the  detached  fragment  of  the  inner  table  {Fig.  4486).  There  was  no  sepsis  of  the 
cortical  tissue. 

Specimen  No.  1.2656  {Figs.  449fl,  4496)  is  a  portion  of  left  parietal  bone  which 
was  removed  by  a  trephining  operation  to  relieve  a  paralysis  of  the  right  arm.  The 
operation  was  followed  by  gas-bacillus  infection  of  the  brain,  and  death  two  days  later. 
There  is  an  oblong  aperture  30  x  10  mm.  in  the  specimen,  in  which  the  bone  fragments 
— of  which  at  least  two  have  necrosed — have  been  replaced  m  situ.  It  will  be  noted 
that  the  area  of  the  inner  table  affected,  43  x  33  mm.,  is  considerably  greater  than  that 
of  the  outer  table.     The  fragments  of  the  inner  table  have  been  completely  detached 


FIO.  449a.— Xo.  1.2650.  External  sarface  of 
a  portion  of  left  parietal  bone  removetl  by 
trephining  operation  to  relieve  a  paralysis  of 
the  right  arm.  It  shows  an  oblong  aperture, 
in  which  the  fragments  have  been  replaced 
in  situ. 


'  Fig.  449ft.— No.  1.2656.  A  view  of  the  internal 
sarface  of  the  same  specimen,  showing  the  frag- 
ments of  bone  in  »itu.  Tlie  area  of  inner  table 
involved  is  extensive  in  comparison  with  that  of 
the  outer  table. 


d.  Contused  Injuries  of  the  Grooved  and  Massive  Variety. — ^The  Collection  contains 
44  specimens  of  this  type  of  injury,  10  of  the  frontal  bone,  23  of  the  parietal,  7  of  the 
temporal,  and  4  of  the  occipital.  This  typ)e  of  injury,  the  commonest  in  the  cranial 
series,  comprises  fractures  of  a  major  character  in  which  the  skull  shows  a  massive 
crushing  lesion,  often  the  result  of  a  blow  from  a  large  shell-fragment  striking  with  dimin- 
ished momentum.  In  this  class  we  also  include  the  so-called  'grooved"  type  of  injury 
resulting  from  a  glancing  or  tangential  blow  by  a  rifle  bullet  of  high  velocity.  This 
classification  has  been  decided  upon  largely  because  we  have  found  that  the  fractures  and 
Assuring  produced  by  both  kinds  of  missile  are  similar  in  character. 

Specimen  No.  1.021  {Fig.  450)  is  an  excellent  example  of  massive  crushing  injury  of 
the  calvaria.  There  is  extensive  comminution  of  the  left  parietal  bone,  with  numerous 
gaping  fissures  extending  forwards,  backwards,  and  across  the  remaining  portion  of  the 
calvaria.  The  soldier  was  admitted  on  March  11,  1917,  to  No.  2  Canadian  Casualty 
Clearing  Station,  in  an  unconscious  condition.  The  date  of  injury-  is  not  known.  On 
admission  he  had  a  linear  scalp  wound,  two  and  a  half  inches  long,  over  the  posterior 
portion  of  the  left  parietal  bone,  to  the  left  of  the  sagittal  plane.  The  wound  was  excised 
and  some  bone  fragments  were  removed.  He  died  March  16,  but  no  record  of  the  autopsy 
is  available. 

Specimen  No.  2.444  shows  a  less  extensive  crushing  injurj"  of  the  calvaria  {Fig.  451a, 
4516).  There  is  a  large  aperture  in  the  frontal  bone  62  x  30  mm.,  irregular  in  outline,  just 
above  the  lateral  angle  of  the  left  orbit.     The  wound  was  enlarged  by  the  surgeon.     From 
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the  medial  nmrjiin  of  the  aperture  a  wide  fissure  extends  across  the  body  of  the  frontal 
bone,  with  branches,  one  to  a  point  above  the  lateral  angle  of  the  right  eye,  another 
towards  the  coronal  suture,  while    a  third  enters    the    right    orbit.     Niunerous    fissures 


Fig.  450. — 'So.  1.021.  Lateral  view  of  calvaria,  showing  extensive  comminution  and  fracture  of  left  parietal  bone. 
The  arrow  indicates  the  direction  of  projectile.  The  fragments  in  the  region  of  the  blow  have  been  e  itirely  separated, 
and  some  have  been  removed  by  operation.  The  main  area  of  fracture  is  9  x  50  mm.,  and  numerous  fissures  extend 
from  the  margins  in  every  direction,  some  of  them  gaping  widely. 

extend  from  the  primary  wound  towards  the  base.  Apparently  a  second  missile  has 
entered  the  inner  wall  of  the  left  orbit.  The  floors  of  the  anterior  and  middle  cranial 
fossae  are  fissured  and  shattered  to  a  marked  extent  {Fig.  4516).      Both  maxillary  bones 


Fig.  451a. — No.  2.444.  Left  lateral  view  of  skull, 
showing  aperture  in  frontal  bone  with  fissures  extend- 
ing across  the  body  of  the  bone.  The  shattering  of 
the  wall  of  the  orbit  is  also  shown. 


Fig.  4516. — No.  2.444.  Internal  surface  of  the  cal- 
varia,  showing  aperture  in  frontal  bone,  with  extensive 
fracturing  of  left  great  wing  of  sphenoid  and  of  floor 
of  middle  and  anterior  cranial  fossee. 


are  fractured.  The  bones  of  the  face  are  remarkably  thin.  The  soldier  was  wounded  on 
June  11,  1917  ;  the  wound  was  explored  and  bony  fragments  were  removed  eight  days 
later,  and  he  died  June  21.     The  autopsy  findings  are  not  known. 
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Specimen  No.  1.28  {Figs.  452a,  4526)  shows  a  type  of  lesion  due  to  a  tangential 
blow  from  a  shell  fragment.  There  is  a  depressed  linear  fracture  situated  on  the  posterior 
inferior  aspect  of  the  right  parietal  eminence.  The  missile  apparently  entered  at  the 
anterior  end  of  the  fissure,  driving  inwards  the  two  tables  of  the  calvaria.  The  aperture 
thus  produced  is  oval  in  shape,  and  measured  40  x  9  mm.  The  external  margin  at  the 
anterior  half  of  the  ap>erture  is  depressed,  while  in  the  posterior  half  the  external  margin 


Fig.  4.52a.— Xo.  1.28.  External  surface  of  calvaria,  showing  an  aperture 
in  right  parietal  bonecauseil  by  a  tange  itial  blow,  with  depressed  frsgmeit 
in  its  floor.     Xote  the  man^nal  chipping  at  the  posterior  end  of  the  aperture. 


Fifi.  4526.— No.  1.28.  Internal 
view  of  the  ri!»l»t  parietal  bone, 
showirii;  the  frai^meacs  fixed  in  posi- 
tion by  healing. 


has  been  carried  away  by  the  missile.  The  fragments  of  the  calvaria  are  attached  to 
one  another  and  to  the  main  portion  of  the  bone  at  the  posterior  end  of  the  aperture, 
and  have  become  fixed  in  position  by  healing.  On  the  cerebral  aspect  of  the  injured 
area  there  is  e\idence  of  a  pachymeningitis.  There  is  no  ftssuring  of  the  calvaria  except 
of  the  finest  character,  which  is  confined  to  the  inner  table  at  the  posterior  end  of  the 
aperture.  No  history-  of  this 
specimen  could  be  obtained. 

Specimen  No.  1.25  (Fig. 
453)  shows  a  similar  lesion 
to  the  last,  but  more  exten- 
sive in  destruction  results. 
There  is  a  gunshot  wound  of 
the  left  parietal  bone,  caus- 
ing an  irregular  gap  65  x  25 
mm.  The  missile,  probably  a 
bullet,  entered  at  the  medial 
end  of  the  aperture  and 
emerged  at  its  lateral  end. 
Tliere  is  undercutting  of  the 
medial  margin  at  the  point 
of  impact,  with  a  depressed 
fragment  in  situ.  The  lateral, 
posterior,  and  anterior  mar- 
gins are  overcut,  showing  an 
external  bevelling.  From  the 
gap  four  ^vide  fissures  radiate 
towards  the  base,  two  from 
each  end,  and  it  will  be  noted 

that  they  are  arranged  as  in  the  so-called  'butterfly'  type  of  fracture.  The  fissures  are 
partially  filled  with  new  bone  deposit,  and  the  margins  of  the  aperture  also  show  signs  of 
healing.     No  history  of  this  case  was  obtained. 


Fig.  453. — Xo.  1.25.  Showing  the  ejs  ects  of  a  tangential  blow.  The  missile 
entered  at  the  medial  end  of  the  aperture — almost  on  the  sagittal  suture— 
and  carried  away  fragments  from  the  lateral  end. 
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Group  2. — Penetrating  Injuries  of  thk  Cranial  Cavity. 

The  Collection  contains  33  specimens  of  penetrating  wounds — injuries  in  whicli  the 
missile  becomes  lodged  within  the  cranial  cavity.  Penetrating  injuries  have  been  sub- 
divided   into   two   groui)s  :    (a)   Simple— those  ivith   no   secoudarif    injury   from    the   same 

projectile ;  (ft)  Those  with  secondary  injury,  in 
which  the  projectile,  having  passed  through  one  wall 
of  the  cranium,  produced  a  secondary  injury  of 
another  portion  of  the  cranium. 

a.  Simple  Penetrating  Injuries  of  the  Cran- 
ium.— The  simple  injuries  naturally  fall  into  two 
groups,  one  in  which  a  clean  aperture  in  the  wall 
is  formed  without  Assuring ;  and  a  second  where 
fissuring  and  explosive  effects  are  seen.  There 
are  14  specimens  which  show  simple  penetrating 
injury  with  no  fissuring  of  the  surrounding  bone, 
3  being  of  the  frontal,  4  of  the  parietal,  5  of  the 
temporal,  and  2  of  the  occipital  bone. 

Specimen  No.  1.143  (Fig.  454)  is  an  example 
of  this  class.  There  is  a  rectangular  aperture  in 
the  right  lateral  portion  of  the  frontal  bone,  just 
on  the  coronal  suture.  The  injury  was  evidently 
produced  by  a  shell  fragment  which  penetrated 
the  brain.  The  aperture  is  clean-cut,  and  there 
is  no  fissuring.  No  history  of  this  case  is  obtain- 
able. 

There  are  12  specimens  of  simple  penetrating 
injuries  which  show  fissuring  of  the  area  of  penetration,  and  in  many  cases  other  disrup- 
tive or  explosive  effects.      Specimen  No.  1.2115  {Fig.  455)  is  a  cranium  with  a  gunshot 


.yv^. 


Fig.  454.— No.  1.143.  External  surface  of  tlie 
calvaria,  showing  a  simple  punctured  wound  of  the 
right  lateral  surface  of  the  frontal  bone  at  the 
coronal  suture.  There  are  no  marginal  fissures.  A 
mcllian  frontal  suture  is  present. 


FIG.  155.— No.  1.2115. 


Cranium  showing  a  penetrating  injury  of  the  vertex.    Two  fragments,  forming  the 
posterior  margin  of  the  aperture,  are  depressed. 


fracture  in  the  bregmatic  region  of  the  vertex,  producing  an  irregular  aperture  27  x  27 
mm.,    with,  extensive   splintering  of  the  left   parietal    and  of  the  frontal   bones.     The 
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fracture  of  the  frontal  extends  to,  and  involves,  the  inner  wall  of  the  right  orbit  and 
right  maxillan,-  bone.  Two  bone  fragments  forming  the  posterior  margin  of  the  aperture 
are  depressed.  An  extensive  inverted  y  fissure  passes  backwards  and  downwards  to  the 
squamous  portion  of  the  left  temporal  bone.  The  soldier  was  wounded  Nov.  27,  1918, 
and  died  in  a  casualty  clearing  station  thirty  hours  later.  At  autopsy,  a  shell  fragment 
(copper  dri\ing  band),  1x1  x  J  cm.  in  size,  and  pieces  of  indriven  bone,  were  found 
embedded  in  the  cortex  of  the  left  hemisphere.  The  surrounding  brain  substance  was 
markedly  lacerated,  and  there  was  extensive  subdural  haemorrhage  over  the  left  parietaU 
frontal,  and  temporal  lobes. 

b.  Penetrating  Injuries  of  the  Calvaria  with  Secondary  Injury  to  another  portion 
of  the  Cranium. — This  is  a  small  set  of  5  specimens,  4  of  which  show  partial  penetration 
of  the  opposite  wall  of  the  cranium, 
and  1  of  which  shows  an  internal 
ricochet  of  the  missile  on  the  opf)osite 
wall  of  the  cranium.  Specimen  No. 
1.165  {Fig.  456)  shows  an  extensive 
right  frontal  and  left  parietal  type  of 
injur\'  caused  by  a  piece  of  shell-casing. 
The  projectile  entered  above  the  right 
frontal  eminence,  producing  a  crescent- 
shaped  aperture,  35  x  10  mm.,  with  a 
single  fissure  descending  towards  the 
right  orbit.  The  missile  became  arrest- 
ed in  the  aperture  of  exit  in  the  left 
()arietal  bone  near  the  ventral  end  of 
the  coronal  suture.  This  aperture  is 
circular,  25  mm.  in  diameter.  The 
specimen  shows  a  fragment  of  bone 
in  situ,  with  the  missile  fixed  .  in  the 
af)erture.  The  soldier  was  woimded 
on  May  12,  1917.  He  developed  a 
cerebral  hernia,  with  aphasia,  and  facial 
convulsions.  He  died  May  27.  Menin- 
gitis with  cerebral  abscess  was  found 
at  autopsy. 

Specimen   No.   1.134  {Figs.   457«,   4576)  is  a  calvaria  with  a   large   shell   fragment,. 


Fig.  456. — Xo.  1.165.  Eit«mal  surface  of  the  calvaria,  shon'iii<7 
crescent-shaped  aperture  of  entrance,  and  an  aperture  in  left 
parietal  bone  at  the  ventral  end  of  the  coronal  suture,  over  the 
right  frontal  eminence,  in  which  can  be  seen  the  piece  of  shell- 
ca^ang  and  a  loose  bone  fragment.  The  piece  of  shdl-casing  ii 
represented  below,  half  natural  size. 


FlO.  457a. — No.  1.134.  External  surface  of  calvaria, 
showing  an  internal  punctured  wound  of  the  right  side 
of  the  frontal  bone,  with  the  missile,  a  shell  fragment, 
lodged  in  the  aperture. 


Fig.  467b. — So.  1.134.  Internal  surface  of  calvaria, 
showing  the  portion  of  the  missile  within  the  interior 
of  the  cranium. 


43  X  10  mm.,  lodged  in  the  right  half  of  the  frontal  bone.  The  missile  grazed  the  right 
shoulder,  and  entered  the  base  of  the  skull  from  behind  the  right  ear.  It  passed  through 
the  brain,  and,  perforating  the  frontal  bone,  became  lodged  in  the  aperture.   About  one 
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quarter  of  the  missile  extends  beyond  the  marjjin  of  the  aperture,  which  is  8  mm.  in 
diameter,  and  sliows  external  marginal  bevelling  but  no  Assuring.  The  soldier  was  wounded 
on  Sept.  6,  1917,  and  died  twenty-four  hours  later.  The  portion  of  the  base  of  the 
cranium  showing  the  aperture  of  extrance  of  the  missile  has  not  been  preserved. 

Group  3. — Perforating  Injuries  of  the  Cranium. 

A  perforating  injury  may  be  defined  as  that  type  in  which  the  missile  passes  through 
two  walls  of  the  cranium  and  produces  a  wound  of  entrance  and  a  wound  of  exit.  In 
the  Collection  there  are  22  specimens  showing  perforating  injury.  We  have  employed 
the  following  nomenclature  to  indicate  their  nature  :  bifrontal,  biparietal,  frontoparietal, 
fronto-occipital,  parietofrontal,  etc.,  the  first-named  bone  indicating  the  site  of  the  en- 
trance aperture,  the  second  that  of  the  aperture  of  exit.  The  lesions  were  distributed 
as  follows  : — 


Bifrontal 

5 

Frontoparietal 
Palato-occipital 
Occipitofrontal 
Parietofrontal 

1 
1 
1 
2 

Parieto-orbital 

1 

Biparietal 

Temporoparietal 

Bi-occipital 

Occipitoparietal 

Temporo-occipital     . 

Temporo-orbital 

6 
I 
1 
0 
1 
2 

Total 

.      22 

Specimen  No.  1.234  {Fig.  458)  is  an  example  of  paricto-frontal  injury.  The  missile, 
a  bullet,  entered  near  the  posterior  superior  angle  of  the  left  parietal  bone,  and  emerged 
below  the  left  frontal  eminence.  The  aperture  of  entrance  is  circular,  8  mm.  in  diameter, 
with  marginal  fracture  of  the  outer  table.  The  aperture  of  exit  is  irregular  in  shape, 
28  X  12  mm.,  and  surrounded  by  an  oval  area  which  is  extensively  fractured,  and 
demarcated  by  a  fissure.  A  gaping  fissure  commencing  at  the  aperture  of  entrance 
ends  in  the  oval  fissure  surrounding  the  area  of  exit.  A  linear  fissure  crosses  the 
forehead  for  some  distance  from  the  wound  of  exit.  No  history  of  this  case  was 
obtained. 


Fig.  458. — No.  1.234.  Latenil  view  of  calvaria,  showing 
tlie  apertures  of  entrance  and  exit  in  a  case  of  bullet  wound. 
jVn^  extensive  oval  area  of  fracturing  surrounds  the  aperture 
of  exit,  and  a  gaping  fissure  joins  the  two  apertures. 


Fig.  469. — No.  1.252.  Posterolateral  view  of  calvaria, 
showing  a  biparietal  or  parietotemporoparietui  perforating 
injury.     The  aperture  of  entrance  is  sharply  punched. 


Specimen  No.  1.252  {Fig.  459)  differs  from  the  specimens  already  described,  in  that 
the  wound  of  entrance,  near  the  posterior  superior  angle  of  the  left  parietal  bone,  is  a  clean- 
cut  puncture,  8  mm.  in  diameter,  with  no  shiattering  of  the  surrounding  bone,  and  only 
one  short  fissure  extending  inwards  and  forwards  from  its  anterior  margin.  The  aperture 
of  exit  in  the  right   parietosquamosal   region  is  large,  and  irregular  in  shape.      There   is 
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considerable  shattering   of  the  margins   of  aperture,  with   numerous   radiating   fissures. 
No  historv'  of  this  case  is  available. 

Specimen  Xo.  1.1605  {Fig.  460)  shows  the  effects  of  a  bifrontal  perforating  injury.  The 
missile,  apparently  a  bullet,  entered  in  front  of  and  near  the  mid-point  of  the  right  coronal 
suture,  and  emerged  above  the  left  angular  process  of  the  frontal  bone.  The  frontal  bone 
is  thick,  8-9  mm.,  and  the  bullet,  entering  and  emerging  at  a  tangent  to  the  plane  of  the 
bone,  has  caused  rugged  af>ertures  at  its  points  of  entrance  and  emergence.  There  is  an 
extensive  series  of  fissures  ;  one  joins  the  apertures  of  entrance  and  exit,  while  the  others 
radiate  out  from  these  apertures — particularly  that  of  emergence.  From  each  aperture 
a  fissure  descends  on  the  forehead,  and  involves  the  orbital  plates.  One  spreads  back- 
wards on  the  roof  of  the  skull  from  each  aperture.  A  fissure  passing  backwards  on  the 
left  side  above  the  level  of  the  zygoma  tends  to  separate  the  basal  from  the  upper  part 
of  the  skull.  An  isolated  fissure  crosses  the  floor  of  the  left  cerebellar  fossa.  No  notes 
could  be  obtained  of  this  specimen. 


Fig.  460. — Xo.  1.1605.  Craniom.  showinj; 
extensire  fractnriiig  following  a  bifrontal  pei> 
foratiug  injury  caused  by  a  bullet. 


Fh;.  461. — Xo.  I.33».     Lateral  view  of  calraria,  showing  an 
extensive  perforating  parietofrontal  injury. 


Specimen  No.  1.235  (Fig.  461)  shows  a  verj-  severe  parietofrontal  injurj'.  The  missile, 
probably  a  fragment  of  shell,  entered  above  the  right  parietal  eminence,  and  emerged  on 
the  forehead  above  the  root  of  the  nose.  The  apertures  of  entrance  and  exit  are  large, 
irregular,  and  connected  by  a  series  of  fissures.  From  the  aperture  of  entrance,  fissures 
extend  downwards  to  the  lambdoid  suture  on  the  right  side.  There  is  marked  comminu- 
tion of  the  frontal  bone  surrounding  the  ajierture  of  exit,  with  loss  of  the  orbital  plate  of 
the  frontal  bone.  Numerous  fissures  extend  into  the  base  from  the  aperture.  The  soldier 
was  wounded  on  Nov.  16.  1917,  and  died  four  hours  after  admission  to  hospital.  At 
autopsy,  the  whole  of  the  right  frontal  lobe  was  found  to  be  pulped. 

Specimen  No.  1.8231  {Fig.  462)  shows  a  temporo-occipital  perforating  injurj'.  The 
missile,  probably  a  bullet,  entered  15  mm.  above  the  right  auditor^-  meatus,  and  made 
an  exit  in  the  supra-occipital  region,  35  mm.  above  and  to  the  left  of  the  external  occipital 
protuberance,  and  therefore  involved  the  pole  of  the  left  cerebral  hemisphere.  The 
soldier,  a  Gierman,  was  brought  into  No.  3  General  Hospital  on  Sept.  7,  1918,  deeply 
unconscious.  The  wound  of  entrance  was  explored  and  widened  by  operation  (the  ap)erture 
in  the  skull  now  measures  40  x  37  mm.)  ;  diffluent  brain,  soaked  with  greenish  pus, 
escaped.     The  wound  of  exit  was  also  explored,  and  the  loose  pieces  of  bone  (now  replaced 
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in  the  specimen,  and  indicated  by  stippling)  were  removed.  The  patient  died  soon  after 
the  operation.  The  specimen  iUustrates  the  'explosive  effects'  which  attend  complete 
penetration  of  the  skull,  the  occipital  sutures  in  this  case  being  wrenched  open,  besides 
producing  fissures  above  and  below  the  track  of  the  missile. 


Fig.  462. — Xo.  1.8231.  Posterolateral  view  of  skiill,  in  which  the  occipital  sutures  have  been  wreuelied  open  by 
a  perforating  tempor-ooccipital  wound.  The  fragments  shown  by  stippling  were  found  loose,  but  have  been  replaced. 
There  has  been  an  explosive  force  which  has  caused  e.xtensive  fissiuing  of  the  cranial  chamber. 


A  study  of  specimens  showing  through-and-through  perforating  injuries  of  the  cal- 
varia  indicates  several  points  of  marked  interest.  The  aperture  of  entrance  is  smaller 
than  the  aperture  of  exit.  Also  the  latter  shows,  as  a  rule,  more  marked  fracturing 
of  the  surrounding  bone.  The  apertures  of  entrance  and  exit,  no  matter  how  wideh- 
separated,  are  usually  connected  by  a  fi.ssure,  which  is  often  gaping. 

Specimens  in  which  a  Trephining  or  Decompression  Operation 
HAS  BEEN  Performed. 

There  are  26  specimens  in  the  War  Office  C!ollection  in  which  an  operation  of  the 
above  kind  has  been  performed. 

Specimen  No.  1.1783  {Fig.  463)  is  part  of  a  calvaria  showing  a  trephined,  irregular 
aperture,  30  x  30  mm.,  in  the  frontal  bone  above  and  to  the  right  of  the  right  frontal 
eminence.  The  superior  margin  is  circular,  produced  by  a  trephine  drill,  while  the  inferior 
margin  has  apparently  been  enlarged  by  the  use  of  bone  forceps.  From  the  aperture  a 
fi.ssure  crosses  the  coronal  suture  and,  25  mm.  beyond  that  suture,  divides  into  two 
diverging  limbs.  Another  fi.ssure  descends  towards  the  right  orbit.  The  clinical  history 
of  this  case  is  not  obtainable. 

Specimen  No.  1.176  {Fig.  464)  illustrates  in  a  remarkable  manner  the  extent  of  bone 
which  may  be  damaged  in  massive  contused  injuries,  and  the  radical  nature  of  the  resec- 
tion which  may  be  undertaken  by  the  surgeon  in  its  treatment.  There  is  a  hole  in  the 
frontal  bone  measuring  100  x  100  mm.,  representing  the  major  portion  of  the  body  of 
the  bone,  and  extending  from  the  supra-orbital  margin  to  the  bregma.  Apparently  the 
frontal  bone  was  struck  by  a  fragment  of  shell.      The  soldier  was  wounded  on  April  3, 
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918,  and  a  wide  decompression  operation  was  performed  three  days  later.  The  frontal 
Ijone  was  badly  shattered,  with  a  large  extradural  clot,  and  bone  fragments  were 
removed,  producing  the  aperture  described  above.     He  died  the  next  day. 

Two  specimens  described  under  pre\ious  headinir-.  Xo.  2.444  (Figs.  4ola,  4516) 
and  No.  1.1832  {Fig.  462),  are  from  cases 
in  which  a  trephine  operation  had  been 
done.  In  specimen  No.  1.85  {Fig.  467)  also 
it  would  seem  that  such  an  op>eration  had 
been  carried  out.  Figs.  449o,  4496  also 
show  lai^e  areas  removed  by  trephining. 


Fig.  4»;3. 


-No.  1.1783.      Showing  a  trephine  apertore  of 
the  li^t  frontal  bone. 


Fig.  461. — So.  1.1 7C.     Calf-aria,  showing  almost  tl»e  whole  of 
the  tabular  part  of  the  frontal  bone  removed  by  operation. 


Specimens  of  Crania  showing 
V.\Kious    Reparative    Processes. 

In  the  War  Office  Collection  16  speci- 
mens show  e^^dence  of  various  stages  of 
healing.  In  two  of  these  a  definite 
history  is  available  in  which  the  injury- 
had  occurred  one  year  before  death. 

Specimen  Xo.  1.22  {Fig.  465)  is  the 
calvaria  of  a  soldier  showing  the  extent 
of  the  healing  process  a  year  after  in- 
fliction of  the  wound.  There  is  a 
perforating  frontoparietal  injurj-.  The 
ai>erture  of  entrance  is  circular,  4  cm. 
in  diameter,  and  lies  partly  in  the 
frontal  bone  and  partly  in  the  left 
parietal  bone,  with  the  equator  along 
the  line  of  the  coronal  suture.  It  has 
been  enlarged,  and  its  posterior  margin 
shows  a  narrow  crescentic-shaf>ed  seques- 
trum entirely  separated.  The  lateral 
and  anterior  margins  are  smooth  and 
rounded  by  absorption.  The  medial 
margin  is  irregular,  moth-eaten  in  appear- 
ance, and  along  the  coronal  suture, 
medially  for  about  2  cm.,  there  is  an 
area  of  the  frontal  bone  showing  granu- 
lation excavation,     A  second  sequestrum 

VOL.   VI. — NO.   24. 


Fig  46-3. — Xo.  1.22.  Calvaria,  showing  Uie  oonditjon  of  a 
frontoparietal  gunshot  wound  a  year  after  infliction.  Marginal 
sequestra  are  ^own  at  the  aperture  of  entrance,  a  result  of 
chronic  infection  and  suppuration. 

38 
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lies  ajrainst  this  margin  in  front  of  the  sagittal  suture,  but  separated  from  the  surrounding 
bone.      The  surface  of  the  external  table  of  the   surrounding   areas   of  the   calvaria  is 


Fig.  -ICC. — No.  1.251.    Calvaria,  showing  early  attempt  at  repair,  particularly  about  the  aperture  of  entrance.    The 

arrow  indicates  the  direction  of  the  missile. 


roughened,  and  fine  calhis  points  can  be  seen.     The  aperture  of  exit  lies  at  the   right 
parietal   eminence.     It  is  irregular  in  shape  (17  x  33  mm.),  and  from  it  radiate   three 


I'IG.  4fi7. — Xo.  1,8."».    r.eft  occipital  region  of  tlie  skull,  showing  a  lai-ge  aperture  with  healed  margin. 

fissures  which,  although  still  clearly  indicated,  have  been  closed  by  bone  deposition.     The 
margins  of  the  aperture  of  exit  are  smooth  and  thinned  out,  and  a  fragment  has  become 
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healed  to  the  anterior  margin.  No  clinical  histoid'  of  this  case  is  available,  other  than 
that  the  injury  occurred  one  year  before  the  date  of  death. 

Specimen  Xo.  1.251  {Fig.  -A66)  is  that  of  an  oblique  biparietal  gimshot  wound.  The 
aperture  of  entrance  is  situated  near  the  jx>sterosuperior  angle  of  the  right  parietal  bone  ; 
the  aperture  of  exit  below  the  left  parietal  eminence.  The  openings  are  connected  by  a 
gaping  fissure,  and  from  the  aperture  of  exit  numerous  fissures  radiate.  One,  widely 
open,  passes  to  the  left  orbit  ;  another  into  the  temporal  fossa  ;  and  a  third  towards  the 
sagittal  suture.  The  areas  of  bone  between  these  fissures  are  somewhat  elevated,  indi- 
cating the  "explosive"  effects  of  a  [jerforating  wound.  The  area  of  bone  surrounding  the 
aperture  of  entrance  shows  superficial  exfoliation,  the  cortex  ha\ing  a  moth-eaten 
appearance,  due  apparently  to  pyogenic  erosion  following  elevation  of  the  periosteum. 
The  external  margin  of  the  aperture  of  exit  is  splintered,  and  part  has  been  carried  away. 
The  exposed  diploe  is  broken  down  and  eroded. 

Specimen  Xo.  1.85  {Fig.  467)  shows  the  process  of  healing  completed.  There  is 
an  oval  aperture  in  the  nuchal  part  of  the  occipital  bone,  35  x  23  mm.  in  diameter, 
evidently  caused  by  a  gunshot  wound  received  several  months  before  death.  The  edges 
of  the  aperture  are  everted,  smooth,  and  have  been  thinned  out  and  rounded  by  absorp- 
tion, no  callus  having  been  laid  down.  A  short  wide  fissure,  2  cm.  long,  extends  down- 
wards from  the  aperture.     The  clinical  historj-  of  this  case  could  not  be  obtained. 

Specimen  Xo.  1.1605  {Figs.  t68fl,  4686)  shows  a  bifrontal  injurj- of  the  cranium,  with 
an  extensive  series  of  fissures.  The  particularly  interesting  feature  of  this  specimen  is  that 
it  represents  a  completely  healed  depressed  fracture  of  the  right  parietal  bone.  The  area 
of  depression  measures  60  x  50  mm.,  and  in  extent  and  appearance  suggests  that  it  may 


Fig.  468a.— No.  1.1605.  External  surface  of 
calvaria,  preenting  the  entrance  aperture  of  a 
recent  and  fatal  bifrontal  injuir,  and  a  crescentic 
depressed  area  near  the  postero-inferior  an;^e  of 
the  right  parietal  bone,  the  result  of  an  old  and 
healed  depress=ed  fracture. 


Fig.  4686. — Xo.  1.160.5.  Internal  surface  of 
same  specimen,  sliowing  the  condition  of  the 
depressed  area.  It  lay  over  the  posterior  ends 
of  the  first  and  second  tempera!  convolutions. 
The  man  was  passed  for  general  service. 


have  been  caused  by  a  severe  accident — such  as  a  kick  from  a  horse.  We  estimate  that 
the  bone  was  driven  inwards  to  a  depth  of  4  mm.  On  the  inner  aspect  of  the  skull  is  seen 
a  correspondingly  raised  area  King  over  the  posterior  or  occipital  ends  of  the  first  and 
second  tempK)ral  convolutions.  Although  we  have  not  ascertained  either  the  manner 
or  time  of  the  accident  which  produced  this  unrelieved  depressed  fracture,  there  is  no 
doubt  that  the  functional  result  was  good,  for  the  man  was  passed  for  general  service,  and 
died  when  taking  part  in  arduous  fighting.  The  line  of  fracture  is  almost  obliterated  by 
bony  union  ;  only  at  certain  points  can  it  be  traced  by  the  presence  of  a  series  of  vascular 
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foramina.  The  severity  of  the  injury,  the  completeness  of  the  recoverv-,  and  the  oblitera- 
tion of  the  line  of  fracture  by  bony  union,  make  this  specimen  worthy  of  being  placed  on 
record. 

A  study  of  the  specimens  in  the  Collection  showing  a  healing  process  brings  out 
certain  interesting  features.  It  is  not  possible  to  enter  into  a  discussion  of  the  various 
views  held  concerning  new  bone  formation  and  the  repair  of  cranial  injuries.  One  school 
has  emphasized  the  importance  of  the  periosteum  in  bone  repair,  and  another  the  value 
of  cancellous  bone.  In  these  specimens  the  separation  of  dead  bone  fragments  and  a^ea^ 
of  infected  bone  by  a  process  of  sequestration  can  be  readily  traced,  but  in  every  ^ase  the 
amount  of  callus  formation  is  scanty.  In  older  specimens,  fragments  are  cemented  in 
place  by  internal  callus.  Gaping  fissures  become  filled  and  obliterated.  These  jjoints 
would  serve  to  show  that  evidently,  in  the  cranial  bones  at  least,  the  cancellous  bone  is 
the  only  part  capable  of  producing  callus.  To  a  limited  extent  this  is  due  to  the  small 
area  of  cancellous  tissue  present.  In  old  apertures  one  finds  a  process  of  absorption  goin<r 
on  at  the  margins.  They  become  thinned  out  and  smoothed  ;  but  none  of  the  specimens 
n  the  collection  show  any  attempt  to  bridge  over  the  defect,  even  after  an  interval  of  a 
year.  It  is  of  interest  to  note  that  the  trephine  may  so  injure  the  bony  margin  of  the 
aperture  that  the  marginal  area  dies  and  is  separated  before  the  aperture  undergoes  a 
fibrous  closure. 

Section  //.—ATYPICAL   INJURIES   OF  THE   CRANIUM. 

In  the  War  Office  Collection  there  are  specimens  which  illustrate  the  accidents  as 
well  as  the  woimds  of  warfare.  One  of  the  most  remarkable  of  these  accident  specimens  is 
No.  1.901,  the  skull  depicted  in  Figs.  469fl,  h,  c,  and  d.  A  soldier,  while  felling  timber 
in  France,  had  the  misfortune  to  be  caught  by  a  falling  trunk,  by  which  his  head  was 
crushed.  He  was  already  dead  when  brought  into  No.  9  General  Hospital,  with  blood 
escaping  from  his  ears,  nostrils,  and  mouth.     The  brain  was  found  to  be  lacerated,  and 


Fig.  469a.— Xo.  1.901.  Right  lateral  aspect  of  skiiU, 
showing  a  series  of  fissures  in  the  right  fronto-sphenoidal 
region,  extending  into  the  regions  of  the  orbit,  nose,  and 
cheek — the  result  of  a  crushing  accident. 


Fig.  4696. — No.  1.901.  The  ba.se  of  the  si)ecinieii 
depicted  in  Fig.  469a,  showing  a  series  of  longitudinal 
fissures  extending  along  the  interior  of  tlie  cranial 
floor. 


the  seat  of  extensive  haemorrhages,  particularly  on  its  basal  aspect.  The  skull  gives  a 
vivid  representation  of  the  results  of  a  crushing  accident — one  whicli  tends  to  flatten 
the  head  from  side  to  side.  We  note  that  the  base  of  the  skull  has  suffered  most  ;  Figs. 
4696  and  d  show  a  complex  of  fractural  lines,  chiefly  arranged  in  an  anteroposterior 
direction,  showing  that  the  base  of  the  skull  is  less  able  to  withstand  a  crushing  force 
— acting  from  side  to  side — than  is  the  vertex  or  calvarial  region,  which  in  this  case  has 
escaped  with  minor  damage.  The  temporal  bones,  forming  solid  triangular  wedges,  lia\< 
been  forced  into  the  ba.se,  the  thinner  bone  in  the  floor  of  the  cerebellar  fossa  sufferin- 
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the  greatest  amount  of  damage.  The  crushing  force  was  applied,  apparently,  in  the  region 
of  the  left  mastoid,  while  the  region  of  the  right  forehead  and  cheek  became  the  chief 
fulcrum  or  region  of  resistance.  As  may  be  seen  in  Fig.  469a,  the  disrupting  force  has 
fallen  on  the  right  fronto-malar  region,  with  the  result  that  the  malar  and  the  adjoining 
part  of  the  frontal  bone  have  been  driven  inwards,  tending  to  separate  these  parts  from 
the  rest  of  the  skull.  The  right  coronal  suture  has  sprung  open  in  part  (Fig.  469a)  ; 
so  has  the  spheno-malar  suture.  The  manner  in  which  a  lateral  compressing  force 
affects  the  face  is  shown  with  a  diagrammatic  distinctness  in  Fig.  469f.  The  malar 
bones  have  been  driven  towards  each  other,  and  have  crushed  the  thin-walled  maxillarj- 
supports  interposed  between  them.  The  inter-orbital,  infra-orbifal,  and  nasal  regions 
liave  been  extensively  fissured. 

We  reques-ted  Mr.  Sewell  to  give  particular  pains  to  the  palate  of  the  specimen  shown 
in  Fig.  469rf — not  only  to  show  the  lines  of  fracture,  but  to  show  the  contracted  condition 
of  the  palate,  which  may  be  noted  in  fully  50 
per  cent  of  our  soldiers.  Such  a  condition  is 
never  seen  in  British  skulls  until  the  eighteenth 
century.  Not  only  is  the  palate  narrow,  and 
high  vaulted,  but  there  is  a  lack  of  strength  in 
the  bones  of  the  face,  and  often  of  the  whole 
skull,  as  if  there  had  been  a  defective  deposi- 
tion of  bone  during  the  age  of  body  growth. 


Fig.  169c.— Xo.  1.901.  Facial  aspect  of  the  skull  shown 
ID  Fig.  469a.  The  parts  of  the  face  interposed  between  the 
malar  bones  have  been  crushed  by  a  compressing  force 
acting  from  ade  to  side. 


Fig.  4€9</.— No.  1.901.  The  outer  basal  aspect  of  the 
skull  shown  in  Fig.  469a,  showing  the  lines  of  fracture 
resulting  from  a  compre^ng  force.  The  palate  shows  a 
condition  to  be  seen  in  -50  per  ceat  of  British  soldiers. 


In  Fig.  470  we  reproduce  a  series  of  sketches  taken  from  specimen  Xo.  1.253.  The 
specimen  itself  is  represented  by  the  central  drawing  in  the  figure.  The  interior  of  that  part 
of  a  skull  which  is  formed  by  the  upper  part  of  the  occipital  bone  and  hinder  part  of  the 
parietal  is  there  depicted  ;  the  arrow  shows  the  course  of  a  shrapnel  ball  which  has  pierced 
above  and  behind  the  left  ear,  and,  after  traversing  the  brain,  has  come  to  rest  beneath  the 
scalp  on  the  right  side  of  the  head.  It  is  clear,  from  the  fact  that  the  ball  had  not  sufficient 
momentum  to  escape  from  the  soft  parts  which  covered  the  right  side  of  the  head,  that 
in  making  this  through-and-through  wound  it  had  already  lost  its  maximum  velocity, 
yet  it  has  drilled  very  clean  holes  in  the  bone.  The  apertures  of  entrance  on  both  sides 
of  the  skull  (a,  c)  are  cleanly-cut  round  holes,  (c)  being  slightly  larger  than  (a),  while  the 
apertures  of  exit  show  external  beveUing,  which  affects  the  internal  table  in  the  one  case 
(b)  and  the  external  table  in  the  other  (d).  The  degree  of  destructive  bevelling  is  greater 
in  (d)  than  in  (6),  but  it  is  plain  that  this  result  is  not  due  to  a  difference  in  the  texture  of 
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the  tables,  but  to  a  decrease  in  the  velocity  of  tlic  ball.  The  missile  shows  no  appreciable 
flattening.  The  subject  of  this  j)erforating  (through-and-through)  wound  was  a  gunner, 
who  died  three  hours  after  the  infliction  of  the  wound.  Tliere  was  no  'explosive'  effect 
apparent  in  either  skull  or  brain.  (Compare  with  the  case  of  shrai)nel-ball  fracture 
shown  in  Fig.  478.) 


Fig.  470. — No  l.i53.  A  series  of  sketches  to  show  the  entrance  and  exit  apertures  caused  by  a  shrapnel  ball  wliich 
was  arrested  in  the  tissues  of  the  scalp  at  the  wound  of  exit.  The  central  sketch  shows  the  track  of  the  missile  in 
the  parieto-occipital  region  o'  the  skull.  The  adjoining  sketches  show  the  apertures  of  entrance  and  exit  on  both 
sides  of  the  skull. 


In  Figs.  471a,  4716  we  represent  the  skull  (No.  1.02.3)  which  illustrates  better 
than  any  other  in  the  Collection  the  disruptive  or  'explosive'  effects  which  result  from 
missiles  of  high  velocity  fired  at  close  range.  In  this  case  the  wound  was  self-inflicted- - 
a  revolver  of  a  service  pattern  being  fired  so  that  the  bullet  entered  the  mouth,  pierced 
the  base  of  the  skull,  and  made  its  exit  in  the  region  of  the  left  parietal  eminence.  The 
palate  and  the  walls  of  the  nasal  cavity  have  been  comminuted,  but  the  most  remarkable 
effects  are  to  be  seen  in  the  region  of  the  exit  wound  {Fig.  4716).  The  missile  comminuted 
and  carried  away  the  bone  lying  in  its  immediate  track,  thus  leaving  a  large  aperture  of 
exit.  Surrounding  the  aperture  of  exit  is  an  irregular  circle  of  large  fragments,  detached 
and  raised  up  by  the  force  of  the  missile.     From  the  fragmented  circle  surrounding  the 
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aperture  of  exit  there  pass  forwards  on  the  left  side  of  the  skull  a  double  series  of  fissures 
which  really  join  the  aperture  of  exit  in  the  left  parietal  region  to  the  entrance  wound  in. 
the  region  of  the  mouth.  The  missile,  as  it  were,  during  its  passage  through  the  head, 
tended  to  lift  up  or  blow  out  the  left  side  of  the  skull,  because  its  course  lay  closer  to  the 
surface  of  that  side,  which  was  consequently  the  less  resisting.  Thus  we  have  in  this 
specimen  simply  an  exaggeration  of  the  effects  seen  in  ever\'  through-and-through  wound 
of  the  skull — a  tendency  for  the  apertures  of  entrance  and  exit  to  be  joined  by  one  or 
more  fissures,  and  for  a  circular  area  of  bone  surrounding  the  aperture  of  exit  to  be  raised 
up  and  broken  into  a  series  of  fragments.  It  is  unnecessary  to  add  that  death  was  instan- 
taneous in  the  case  just  narrated. 


I'lc;.  471a.— Xo.  1.023.    Lateral  aspect  of  skull,  showing  FIG.  4716.— No.  1.023.      The  aperture  of   exit,  sur- 

destructive  (explosive)  effects  following  a  missile  of  high  rounded  by  a  circle  of  large  fragments  of  the  left  parietal, 

velocity  fired  at  close  range.     The  arrow  shows  the  course  The  conise  of  the  missile  is  shown  in  Fig.  471a. 
of  the  missile — a  revolver  bullet. 

Another  sp>ecimen  (Xo.  1.163)  which  illustrates  the  disruptive  effects  which  attend 
a  through-and-through  wound  is  shown  in  Fig.  472.  The  missile,  a  fragment  of  shell, 
entered  the  left  temporal  region,  severing  the  zygoma,  and  then  pierced  the  cranial 
cavity  behind  the  left  angular  process  of  the  frontal,  at  the  site  of  the  middle  meningeal 
vessels  and  third  frontal  convolution.  Pursuing  its  oblique  course  through  the  frontal 
lobe,  the  missile  escaf)ed  at  the  left  frontal  eminence,  lea\ing  behind  it  a  ragged  aperture 
of  exit.  The  aperture  has  been  enlarged  by  the  removal  of  a  loose  fragment  by  the 
surgeon  during  an  exploratory-  operation.  The  apertures  of  entrance  and  exit  are  joined 
by  a  fissure,  while  the  whole  region  of  the  forehead  surrounding  the  aperture  of  exit  is 
broken  by  radiating  and  circular  fissures.  Beyond  the  immediate  track  of  the  missile, 
secondary  effects  are  seen  in  the  fracturing  of  the  left  maxilla  (Fig.  472),  and  destruction 
of  the  interorbital  septum  and  roof  of  the  left  orbit.  The  soldier  who  was  the  subject 
of  this  injur\'  was  admitted  to  hospital  on  Sept.  11,  1918  ;  an  exploratory-  operation 
was  done  the  next  day  ;    and  death  from  meningitis  occurred  on  Sept.  16. 

Extensive  destructive  effects  may  follow  glancing  or  gutter  wounds  of  the  skull,  as 
is  shown  by  specimen  Xo.  1.0221,  depicted  in  Fig.  473.  The  soldier  from  whom  this 
specimen  was  obtained  was  wounded  on  Dec.  5,  1917.  He  lay  in  hospital  unconscious 
and  pulseless  for  four  days,  with  a  horizontal  lacerated  wound  in  the  left  temporal  region. 
Bone,  blood,  and  brains  were  removed  from  the  wound.  Gas  infection  set  in,  and  death 
occurred  on  Dec.  9.  At  the  post-mortem  examination,  the  left  hemisphere  of  the 
brain  was  found  diffluent  and  foul.     Xo  missile  was  found  within  the  skull.     The  aperture 
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measures  52   x  20  nun.,  and  is  situated  in  the  left   parietal  bone,  just  above  and  behind 
the  squamous  suture.     Its  edges  are  undercut  except  in  two  parts  of  the  upper  and  lower 


Fig.  472. — Ko.  1.163.  A  skull  showing  the  dis- 
ruptive effects  of  a  throup^h-and-throuRh  wound  in 
.  the  left  frontal  region.  The  course  of  the  missile 
(a  fragment  of  shell)  is  showii  by  the  arrow'. 


margins  {Fig.  473).  The  missile,  prob- 
ably a  bullet,  struck  a  glancing  blow, 
its  course  being  from  before  backwards. 
Two   fissures   descend    from    the    lower 

margin  of  the  aperture,  one  to  the  lambdoid  suture  and  occiput,  another  to  enter  the  roof 
of  the  ear  and  base  of  the  skull.  From  the  upper  margin  a  fissure  ascends  to  the 
sagittal  suture,  while  another  passes  backwards  from  the  posterior  end  of  the  aperture. 


Fig.  473. — Xo.  1.0221.  A  skull  showing  extensive  effects 
from  a  glancing  or  gutter  wound  in  the  left  temporal  region. 
The  inset  shows  a  remote  vertical  fissure  of  the  right  maxilla. 


Fig.  474. — No.  l.lCll.  Frontal  view  of  calvaria,  showing 
a  tlirough-and-through  wound,  the  mwsile — probably  a  bullet 
— passing  in  the  direction  of  the  arrow.  A  persistent  metopic 
suture  is  shown. 


Fig.  47"). — No.  1.1012.  Frontal  view  of  calvaria,  show- 
ing a  tlirougli-and-through  wound  in  the  frontal  region,  the 
direction  of  the  missile  being  indicated  b}'  an  arrow. 
Corresponding  fissures  are  present  in  both  specimens 
depicted  in  Figi.  4  74  and  475. 


There  are  also  remote  or  indirect  effects  seen  in  the  vertical  Assuring  of  the  left  maxilla, 
the  fi.ssuring  of  the  roofs  of  both  orbits,  of  the  floor  of  the  middle  fossa,  and  of  the  left 
temporal  area  of  the  frontal  bone. 
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The  two  specimens  depicted  in  Figs.  474  and  475  illustrate  bifrontal  perforating 
(through-and-through)  wounds,  both  proving  rapidly  fatal.  In  Fig.  474  (Xo.  1.1611)  the 
missile,  probably  a  bullet,  entered  above  and  lateral  to  the  left  frontal  eminence,  and 
made  its  exit  at  a  corresjwnding  point  in  the  right  temple.  It  will  be  noted  there  is 
a  persistent  interfrontal  or  metopic  suture,  and  that  the  fissure  which  one  expects  to  join 
the  ajjertures  of  entrance  and  exit  is  really  present,  but  is  interrupted  by  the  metopic 
suture.  It  will  also  be  noted  that  from  the  aperture  of  entrance  a  fissure  ascends  towards 
the  vertex,  while  another  descends  towards  the  left  temporal  regioui  The  aperture  of 
exit  has  been  enlarged  by  the  removal  of  a  loose  fragment.  From  the  aperture  a  fissure 
passes  backwards  along  the  roof  of  the  skull.  In  Fig.  475  (No.  1.1612)  a  wound  ver>- 
similar  to  the  last  described  is  shown,  only  the  bullet  traversed  the  forehead  in  a  contrarv* 
direction,  from  right  to  left.  In  this  case  the  aperture  of  entrance  has  been  enlarged 
by  the  surgeon,  while  from  the  wound  of  exit  a  loose  fragment  has  been  taken  away. 
In  this  instance  the  missile  has  traversed  the  head  nearer  to  the  frontal  poles  than 
in  the  specimen  illustrated  in  Fig.  474,  and  hence  the  inter-apertural  fissure  is  better 
marked,  being  gaping,  and  joined  by  secondary  fissures.  From  the  wound  of  entrance 
two  fissures  pass  backwards,  enclosing  between  them  a  triangular  or  icing-shaped  area. 
Two  minor  fissures  pass  backwards  from  the  aperture  of  exit. 

In  specimen  No.  1.1621,  which  is  shown  in  Fig.  476,  the  effects  of  a  through-and- 
through  wound  of  a  superficial  nature— almost  a  glancing  or  gutter  wound — are  well 
illustrated.  The  missile,  a  bullet,  entered  near  the  middle  of  the  forehead,  and  passed 
out  on  the  right  side  of  the  skull  in  the  line  of  the  coronal  suture.  The  projectile  thus 
pursued  an  oblique  course  through  the  frontal  lobe  of  the  right  hemisphere.  The 
calvarial  wall  between  the  apertures  has  been  lifted  out  and  broken.     The  bone  round  the 


Fig.  -JTe. — Xo.  1.1621.  Shattering  effects  of  an  obliqne 
and  superficial  through-and-througb  bullet  wound.  The 
niUsile  entered  in  the  mid-frontal  region,  and  escaped  at 
the  risrht  coronal  suture. 


Fig.  477.— Xo.  1.2504.  Showin-.'  the  effects  of  a  super- 
ficial oblique  throueh-and-tlirough  wound  in  the  vertex 
region  of  the  skull.  The  direction  of  the  mi^le  is  shown 
by  an  arrow  from  the  left  coronal  region  to  above  the 
tjg^t  parietal  eminence. 


aperture  of  exit  shows  not  only  the  usual  radiating  fissures,  but  also  the  irregular  circular 
fissure  which  delimits  the  surrounding  fragments,  a  form  of  injurj-  already  called  attention 
to  in  connection  with  Fig.  4716  and  other  illustrations.  Although  the  fissures  seen  at  the 
wound  of  entrance  look,  at  first  sight,  as  if  they  belonged  to  an  irregular  type,  yet  the 
usual  arrangement  is  present.  The  two  fissures  which  are  seen  to  proceed  from  the 
wound  of  entrance  towards  the  wound  of  exit,  and  enclose  between  them  a  triangular 
area,  really  represent  the  handle  end  of  a  racket-shaped  fissure  which  usually  surrounds 
an  aperture  of  exit.  The  handle  of  this  circular  racket-shaped  fissure  represents  the  inter- 
apertural  fissure.     From  the  aperture  of  entrance  two  other  fissures  issue,  and  enclose 
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between  them  an  area  on  which  is  situated  the  left  frontal  eminence.  We  see  that  these 
two  fissures  bounding;  the  sides  of  a  triangular  area  of  bone  are  present  at  the  point  of 
impact  of  all  missiles  which  impinge  on  the  skull  tangentially.  In  Fig.  477  (No.  1.2504), 
another  superficial  through-and-through  woimd  is  represented.  In  this  case  the  missile 
has  passed — as  shown  by  an  arrow — in  an  oblique  direction  across  the  vertex  region  of 
the  calvaria,  entering  behind  the  left  coronal  suture,  and  {)assing  out  well  above  the  right 
parietal  eminence.  There  is  seen  the  usual  inter-apertural  fissure,  and  a  series  of  large 
fragments  surrounding  the  aperture  of  exit  which  are  partially  delimited  by  a  circular 
fissure.  From  the  aperture  of  entrance  pass  out  two  fissures,  in  this  case  almost  at  right 
angles  to  the  inter-apertural  fissure,  in  place  of  being  at  a  very  obtuse  angle  to  it.  In 
both  cases  represented  in  Figs.  476  and  477  the  wounds  proved  rapidly  fatal. 

In  Fig.  470  we  have  represented  the  clean-cut  perforations,  with  absence  of  fissuring, 
which  usually  attend  the  infliction  of  a  through-and-through  wound  by  a  shrapnel  ball. 
In  Fig.  478  (No.  1.1613)  is  represented  a  somewhat  similar  case  where  a  shrapnel  ball  entered 
the  skull  just  behind  the  right  external  angular  process  of  the  frontal  bone  and  made  its 
exit  above  the  left  frontal  eminence.  The  subject  of  this  lesion  was  wounded  at  Camieres, 
Oct.  7,  1915,  and  after  a  period  of  apparent  recovery,  died  on  Dec.  19,  from  an  abscess  in 
the  right  frontal  lobe.     The  aperture  of  entrance  shows  a  smooth  marginal  deposit  of  new 


Fig.  478.— No.  I.l(il3.    A  bifrontal  wound  caased  by  a  shrapnel  ball  which  passed  in  the  direction  shown  by  tlie 
arrow.     The  inset  shows  the  wound  of  exit.     Tae  soldier  lived  for  two  months  after  being  wounded. 


bone  at  its  lower  side  and  a  fragment  of  detached  bone  at  its  upper  side.  There  is  an 
attempt  at  an  inter-apertural  fissure  starting  from  the  wound  of  entrance — which,  by  the 
way,  shows  marks  of  infection  and  suppuration.  At  the  wound  of  exit  there  are  two 
raised  everted  fragments  which  have  become  reunited  to  the  skull  at  their  bases  by  true 
bony  union,  but  there  has  been  no  attempt  to  fill  in  the  aperture  by  new  bone.  On  the 
other  hand,  there  are  distinct  signs  of  absorption  in  the  outer  table  in  the  neighbourhood 
of  the  aperture  of  exit — an  indication  of  suppuration. 

In  F'ig.  479  (No.  1.022)  we  represent  one  of  the  most  puzzling  lesions  to  be  found  in  the 
War  Office  Collection.  The  skull  shown  is  that  of  a  soldier  admitted  to  No.  2  Canadian 
Ca.sualty  Clearing  Station  on  March  8,  1917,  with  a  gutter  wound  in  the  upper  left  parietal 
region  of  the  head.  The  wound  was  excised  and  loose  bone  fragments  were  removed,  but 
the  patient  died  from  acute  encephalitis  on  March  13.  From  the  oblong  aperture  in  the  left 
parietal  bone  a  fissure  passes  forward  to  the  frontal  region,  where  it  divides  into  two  gaping 
branches,  in  the  fork  of  which  is  a  raised  or  everted  triangle  of  bone.  The  appearance 
of  this  frontal  fragment  suggests  that  a  missile  which  had  entered  the  skull  at  the  parietal 
aperture  had  passed  forwards  in  the  brain  and  struck  the  frontal  bone,  thus  everting  the 
triangular  area.  We  presumed  at  one  time  that  this  had  been  the  case,  and  hence  we 
have  inserted  an  arrow  to  represent  the  supposed  direction  of  the  missile.     But  a  further 
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examination  of  the  clinical  notes,  the  absence  of  any  missile  from  the  frontal  region,  and 
the  nature  of  the  marginal  bevelling  shown  by  the  parietal  aperture,  have  eon\inced  us 
that  we  are  dealing  here  with  a  glancing  or  gutter  wound — ^the  missile  entering  at  the 


Fro.  479.— No.  1.022.  A  skull  \  ie»e<l  on  its  left  vertical 
aspect,  showing  an  aperture  caused  by  a  slariciiig  wound. 
Ibe  missile  was  probably  a  bullet  which  entered  at  the 
anterior  and  lower  end  and  eiuer^ed  at  the  upper  and 
posterior  end  of  the  aperture.  See  text  for  fuller  explana- 
tion. 


Fig.  480.— No.  1.1«7.>.  Frontal  region  of  cal 
varia,  showiac  the  exit  aperture  of  a  bullet  wliicli 
entered  the  skull  near  the  occiput  and  emerged  ac 
right  angles  to  the  plane  of  the  frontal  bone. 


anterior  end  of  the  aperture,  and  emerging  at  its  upper  or  posterior  end.  We  have  thus 
the  usual  V-shaped  arrangement  of  fissures  at  the  point  of  impact  and  point  of  emergence. 
Only  in  this  case  we  are  at  a  loss  to  explain  the  gaping  Y-shaped  fissure  in  the  forehead, 
with  the  raised  and  everted  area  in  the  fork  of  the  frontal  fissure.  We  have  set  side-by- 
side  with  Fig.  479  an  instance  (Fig.  480)  where  a  bullet  has  emerged  from  the  skull, 
not  tangentially  as  in  Fig.  479,  but  at  right  angles  to  the  cranial  wall.  In  this  specimen 
(Xo.  1.1675)  the  bullet  entered  at  the  occiput.  The  aperture  of  exit  in  the  frontal  bone  is 
surrounded  by  radiating  series  of  fissures.  In  this  case  death  took  place  soon  after  the 
soldier  was  admitted  to  hospital. 


Fig.  481. — No.  1.2.514.  An  oblong  aperture  in  the  right 
parietal  bone  caused  by  the  graze  of  a  bullet  which  entered 
at  the  lower  and  hinder  end  and  emerged  at  the  upper  and 
anterior  end.  The  specimen  shows  the  typical  arrangement 
of  fissures  which  accompany  such  injiu-ies. 


Fig.  482. — No.  1.1431.  A  tangential  wound  in 
the  right  frontal  region.  The  stippled  line  indicates 
the  area  of  undercutting. 


In  specimen  No.  1.2514  we  have  a  tj^pical  representation  of  the  bony  Assuring  which 
follows  a  glancing  impact  of  a  bullet,  but  it  was  some  time  before  we  recognized  the  true 
nature  of  the  t\-pe  of  injun,-  represented  by  this  specimen.     In  the  absence  of  full  clinical 
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details,  we  at  first  supposed  that  such  an  oblong  aperture  as  is  shown  in  the  right  parietal 
l)one  (Fig.  481)  was  caused  by  the  penetration  of  a  fragment  of  shell,  and  that  the  fissures 
which  pass  into  the  vertex,  one  from  each  angle  of  the  aperture,  were  produced  by  the 
sharp  corners  of  the  penetrating  missile.  The  true  explanation  of  such  a  lesion  as  is 
shown  in  the  figure  is  now  beyond  doubt,  and  is  due  to  the  glancing  impact  of  a  bullet,  which 
in  the  present  case  has  entered  at  the  hinder  and  lower  end  of  the  aperture,  and  emerged 
at  its  upper,  anterior,  and  more  fragmented  end.  At  the  point  of  impact  and  entrance 
two  fissures  spread  backwards,  bounding  a  posterior  triangular  area  ;  while  at  the  point 
of  emergence  two  fissures,  more  extensive  and  more  open,  spread  forwards.  We  do  not 
offer  here  a  physical  explanation  of  this  arrangement  of  Assuring  ;  we  simply  note  that,  in 
all  tangential  wounds  of  the  skull,  such  a  series  of  fissures  as  is  shown  in  Fig.  481  can  be 
identified.  The  missile  tends  to  raise  the  bone  on  each  side  of  its  track  as  flaps  or  lids 
{Fig.  481  A,  B). 


riG.  483.— No.  1.291.  A  (Tutter  wound  in  the  left 
lambdoid  region.  The  missile  passed  from  the  upper 
towards  the  lower  end  of  the  aperture. 


Fig.  484. — -No.  1.254.  A  large  and  ine^ular  aperture  in 
the  anterior  and  lower  part  of  the  left  parietal  bone — the 
result  of  a  gutter  fracture. 


In  Fig.  482  (No.  1.1431)  a  more  limited  aperture  of  the  same  nature  as  in  Fig.  481, 
but  in  the  right  frontal  region,  is  to  be  recognized.  In  this  case  the  bullet  came  from 
the  right  and  from  behind,  and  glanced  across  the  right  frontal  eminence.  The  stippled 
line  round  the  aperture  indicates  the  area  from  which  the  inner  table  has  been  detached 

— there  being  in  this  case  much 
undercutting. 

In  Fig.  483  (No.  1.291)  there 
is  represented  a  gutter  wound 
crossing  the  left  lambdoidal 
suture  obliquely  from  above 
downwards.  The  subject  from 
whom  this  specimen  was  ob- 
tained was  woimded  by  a  frag- 
ment of  high  explosive  on  May 
7,  1915,  and  died  on  June  11  of 
the  same  year.  Brain  matter 
extruded  from  the  wound  ;  this 
was  removed,  and  the  wound 
enlarged  in  a  downward  direc- 
tion. We  have  here  the  usual 
double-winged  type  of  cranial 
gutter  wound.  From  the  ui)per 
end  of  the  aperture — which  we 
upposed  to  be  the  point  of  impact — two  fissures  spread  out,  one  following  the  lambdoid 
suture,  which  in  this  ease  was  still  open,  fof  the  soldier  was  only  19  years  of  age.  From 
this  lower  end  of  the  original  aperture  two  other  fissures  diverge,  one  following  the  lamb- 
doid suture,  the  other  passing  down  the  occipital  bone  to  reach  the  foramen  magnum.     In 


Fig.  48.5. — Xo.  1.28.5.  A  gutter  wourid  of  anomalous  type  in  the  upper 
and  posterior  part  of  the  right  parietal  bone.  The  bone  bounding  the 
aperture  ia  nndergoing  the  changes  which  result  from  infection. 
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this  specimen  we  see  the  tendency  of  fissures  to  follow  the  line  of  unclosed  sutures,  and 
of  the  bone  at  each  side  of  the  aperture  to  be  raised  up  as  flaps  or  wings  {Fig.  483  A,  B). 

In  Fig.  484  (Xo.  1.254)  an  aperture  is  shown  in  the  anterior  inferior  angle  of  the  left 
parietal    bone,  measuring  50  x  20  mm.     The  soldier,  a  Newfoundlander,  was  struck    on 
the  left  side  of  the  head  by  a  fragment  of  shell,  April  25,  1917.     Brain  matter  escaped: 
there  was  paralysis  of  the  right  limbs.     Meningitis  set  in,  and  death  followed  on  April  29 
The  arrangement  of  fissures  is  anomalous,  particularly  the  gaping  crack  which  runs  down 
wards  and  forwards  to  the  frontal  region. 

It  is  a  misfortune  that  some  of  the  more  interesting  specimens  in  the  War  Office 
Collection  were  obtained  during  the  earlier  phases  of  the  War  when  full  clinical  notes  could 
not  be  secured.  One  of  these  is  shown  in  Fig.  485  (No.  1.285),  the  calvaria  of  a  soldier 
who  died  from  an  abscess  of  the  brain  some  weeks  after  being  wounded.  There  is  a  gutter- 
like opening  above  the  eminence  of  the  right  parietal  bone.  It  is  difficult  to  determine 
whether  the  missile  passed  along  the  gutter  from  before  backwards,  as  is  shown  by  the 
arrow,  or  in  the  reverse  direction.  There  are  no  fissures  connected  with  the  posterior 
end  of  the  aperture,  nor  is  the  lambdoid  suture,  which  crosses  it,  at  all  opened.  From 
the  other  end  fissures  proceed  at  right  angles,  and  there  is  also  a  pair  of  fissures  opposite 
the  middle  of  the  aperture.  The  bone 
in  the  neighbourhood  of  the  aperture 
shows  all  the  signs  of  infection.  There 
is  no  attempt  at  the  dejxjsition  of  new 
bone  ;  the  bone  seems  to  have  necrosed 
for  some  distance  beyond  the  rough- 
ened and  porous  margins  of  the  wound. 
One  notes  that  all  the  vascular  fora- 
mina in  the  outer  bony  table  near  the 
wound  have  become  enlarged. 

In  Fig.  486  (No.  1.142)  a  glancing 
or  tangential  fracture  of  the  frontal 
bone  is  depicted.  The  opening  is 
20  X  15  mm.,  showing  within  its  floor 
the  fragments  of  bone  which  were 
driven  inwards  by  the  missile.  In 
this  case  a  fragment  of  shell  simply 
grazed  the  forehead.  \\Tien  one  looks 
along  the  contour  of  the  frontal  bone. 

and  notes  the  margins  of  the  gutter,  it  is  plain  that  the  missile  did  not  plough  into  the 
bone  to  a  greater  depth  than  perhaps  one  millimetre,  and  yet  the  impact  has  been  sufficient 
to  drive  the  fragments  inwards.  Whether  the  dura  mater  was  ruptured  or  not  there  is 
no  clear  record,  but  a  note  has  been  made  at  the  post-mortem  examination  that  the 
frontal  lobe  was  lacerated.  The  soldier  was  wounded  by  fragments  of  high  explosive 
on  June  7,  1917,  and  died  on  June  10.  It  wiU  be  noted  that  while  two  fissures  diverge 
from  the  upper  end  of  the  frontal  aperture,  as  is  usual  in  glancing  wounds  of  the  cranium,^ 
at  the  lower  end  one  of  the  fissures  is  indicated  by  a  mere  vestige. 

Figs.  4S7a,  4876  are  drawn  from  specimen  No.  1.2011,  where  death  resulted  from 
the  detachment  of  an  area  of  the  inner  table  which  was  situated  over  terminal  branches 
of  the  middle  meningeal  vessels.  It  wifl  be  seen  that  a  small  fragment  of  high  explosive 
has  struck  the  outer  table  of  the  left  parietal  bone  near  its  anterior  superior  angle, 
a  minute  part  of  the  missile  becoming  embedded  at  the  point  of  impact.  The  inner  table 
has  been  detached  from  an  area  twice  as  large  as  the  contused  area  of  the  outer  table. 

In  specimen  No.  1.207  {Figs.  4SSo,  488b)  there  is  represented  a  kind  of  wound  veri- 
similar to  the  one  just  described,  but  showing  injuries  of  a  less  degree.  A  fragment  of 
high  explosive — the  soldier  was  struck  in  many  other  parts  besides  the  head — has  been 
embedded  in  the  outer  table  of  the  right  parietal  bone  just  above  the  parietal  eminence. 
The  inner  table,  is  slightly  depressed   and  fissured,  but   not   detached   as  is  the   case  in. 


FtO.  486. — ^Xo.  1.142.  Gutter  woond  in  the  left  frontal 
region,  with  fragments  driven  inward?,  causing  lacetation  of 
tfa«  frontal  lobe. 
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Fig.  4876.     The  soldier  was  wounded  on  May  3,  1917,  and  died  on  May  16.     There  was 
an  extradural  haemorrhage  at  the  site  of  fracture,  with  oedema  of  the  meninges. 


Fig.  487o.— No.  1.2011.  Outer  aspect  of  calvaria,  showing 
a  fragment  of  high  explosive  embedded  in  the  outer  table  near 
the  anterior  superior  angle  of  the  left  parietal  bone. 


FIO.  4876.— No.  1.2011.  The  detachment 
of  the  inner  table  opposite  the  contused 
area  showii  in  Fig.  i87a,  with  ruiiture  of 
meningeal  vessels. 


Specimen  No.  1.2022  {Figs.  489a,    4  9b)   is    an  example  of  detachment  of  the  inner 
table,  while  the  corresponding  outer  table  has  retained  its  normal  level  and  contour.     We 


Fig.  488a. — No.  1.2071.  Vertex  aspect  of  cranium,  showing 
a  fraument  of  high  explosive  embedded  in  the  outer  table  of 
the  right  parietal  bone. 


FIO.  4886.— No.  1.2071.  Showing  the 
inner  table  depressed  and  fi-ssurcd  opposite 
the  area  of  impact  shown  in  Fig.  488a. 


were  at   first  inclined  to   regard  the   injury  shown  in  these  figures  as    the  residt  of  a 
direct  blow  by  a  blunt  missile  ;   but  further  experience  has  led  us  to  suspect  that  we  are 
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here  dealing  with  a  fracture  caused  by  a  missile  moving  tangentially  to  the  contour  of  the 
parietal  bone,  and  invohing  only  the  scalp  and  soft  parts  which  cover  the  bone.  On  the 
outer  surface  of  the  skull,  which  is  only  3  to  4  mm.  in  thickness,  a  fissure  is  seen  to  pass 
from  the  upper  to  the  lower  border  of  the  right  parietal  bone  {Fig.  489a),  almost  overhing 
the  Rolandic  fissure  of  the  brain.  Near  the  middle  of  this  fissure  there  is  a  complex  of 
minor  fissures,  which  we  regard  as  the  area  impacted  by  the  missile  in  its  tangential  flight 
through  the  scalp.  On  looking  at  the  interior  of  the  parietal  bone  {Fig.  4896),  we  see 
that,  op|K)site  the  complexity  of  fissures  just  mentioned,  the  inner  table  is  extensively 
detached,  the  fragments  being  driven  into  the    brain.      An  examination  of  the  interior 


Fig.  489(1.— N'o.  l.-i(yi-2.  Outer  aspect  o<  skull, 
shoirin^  a  tissure  desoeiidiiig  from  the  upper  to  the 
lower  border  of  tbe  rigUt  parietal  boue,  tlte  nsult  or 
a  gianciDg  wound. 


t-u6. — No.  I.:!0i2.      The  inner  aspect  of  tbe 

^iiowii  in  Fig.  489a.     An  area  of  tbe  inner 

is  been  detacbed  and  driren  into  tbe  brain. 


reveals  at  the  point  of  impact  the  arrangement  of  fi.ssures  characteristic  of  tangential  or 
glancing  blows.  The  usual  four  fissures  are  seen  to  radiate  outwards,  two  diverging  upwards 
and  two  downwards.  The  soldier  was  wounded  on  Aug.  15,  1917  ;  he  afterwards 
became  unconscious,  and  died  Aug.  25.  At  the  post-mortem  examination,  the  brain  was 
fceptic,  necrotic  at  the  site  of  injury,  and  the  meninges  were  inflamed. 


{To  be  continued.) 
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A    NEW    METHOD    OF    TREATMENT    FOR    SUPPURATIVE 
ARTHRITIS    OF    THE    KNEE-JOINT. 

By    Major    J.    KVKRIDGK,   R.A.M.C.  T. 

Current  Methods  of  Treatment.— In  spite  of  the  dramatic  progress  in  the  surgical 
treatment  of  penetrating  gunshot  woimds  of  the  knee,  suppurative  arthritis  of  this  joint, 
when  it  occurs,  has  remained  a  condition  often  defeating  our  most  painstaking  endeavours. 

Its  treatment  has  been  attempted  by  both  surgical  and  chemical  methods,  the  former 
having  for  their  object  joint  drainage,  the  latter  aiming  at  the  destruction  of  bacteria  by 
the  application  of  one  or  another  antiseptic.  That  joint  drainage  by  purely  operative 
measures  is  unsatisfactory  is  manifest  from  the  multiplicity  of  methods  which  have  been 
described  from  time  to  time.  Anterior  and  posterior  incisions,  the  turning  up  or  turning 
down  of  a  patellar  flap,  joint  resection — all  have  had  their  adherents.  The  drainage  tube 
inserted  in  the  interior  of  the  joint  has  long  since  been  discarded.  Similarly,  the  diversity 
of  the  antiseptics  that  have  been  used  indicates  the  uncertainty  of  the  action  of  each  one 
of  them.  Either  it  is  too  irritating  and  still  further  lowers  the  vitality  of  the  articular 
components  already  almost  overcome  by  the  septic  processes,  or,  if  it  is  non-irritating, 
its  germicidal  effect  is  so  weak  as  to  make  its  use  of  doubtful  value.  Further,  to  diffuse 
the  antiseptic  to  all  the  numerous  articular  recesses  where  the  germs  lie  hid  is,  in  practice, 
impossible.     The  ideal  antiseptic,  in  fact,  has  not  yet  been  discovered. 

After  operating  upon  penetrating  knee-joints,  it  has  been  almost  the  universal 
practice  among  British  surgeons  working  in  the  war  areas  to  adopt  strict  immobilization 
in  the  Thomas  splint  for  at  least  ten  days,  and  often  much  longer,  after  the  temjierature 
has  settled.*  Should  suppuration  occur,  complete  immobilization  has  been,  more  than 
ever,  the  unchallenged  principle  in  treatment. 

Disadvantages  of  Prolonged  Immobilization. — I  wish  to  draw  i)articular  attention 
to  the  fact  that  a  limb  long  maintained  at  rest  not  only  suffers  muscular  atrophy,  but. 
worse,  is  also  largely  deprived  of  its  blood-supply.  The  contracted  state  of  the  large 
arteries  of  the  leg  to  be  noticed  when  amputating  a  limb  long  immobilized  is  evidence  of 
this.  Further,  elementary  physiology  teaches  us  that  muscular  action  promotes  the  flow 
of  blood  in  the  veins.  Finally,  those  experienced  in  war  surgery  are  familiar  with  the 
frequency  of  tracking  sepsis  in  legs  where,  for  some  reason  or  another,  the  main  artery  has 
required  ligature.  To  illustrate  this,  I  quote  a  series  of  23  suppurating  cases  treated  by  me 
in  1917-18  by  most  careful  immobilization  with  extension  in  suspended  Thomas  knee- 
splints  ;  tracking  took  place  in  17.  In  some,  the  pus  tracked  almost  to  the  extremities 
of  the  limb.  Four  of  these  cases  subsequently  came  to  amputation  (one  in  France  and 
three  in  England).  These  facts  make  it  appear  reasonable  to  reconsider  the  advisability 
of  complete  rest  in  the  management  of  such  cases. 

A  Physiological  Method  of  Treatment. — Realizing  how  great  are  the  natural  powers 
of  resisting  infection  possessed  by  the  joint,  I  have  endeavoured  to  evolve  a  method  of 
treatment  wherein  they  are  utilized  to  the  utmost.     I  have  ventured  to  call  this  system 

*  An  article'  I  published  in  the  British  Medical  Journal,  August  24,  1918,  calls  attention  to  the  tendency 
to  employ  splints  for  unnecessarily  long  periods  of  time.  It  suggests  a  method  where,  by  carrying  out  passive 
mobilization  at  first,  a  wide  range  of  movement  may  be  established  with  the  least  risk  of  '  stirring  up  '  sepsis' 
and  breaking  down  healing  tissues  in  and  roimd  the  joint,  while  at  the  same  time  the  formation  of  anchoring 
adhesions  is  prevented. 
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of  dealing  with  an  infected  joint  the  'physiological  method,"  for  the  natural  processes  of 
repair  enter  largely  into  its  rationale. 

This  alternative  treatment  which  I  am  recommending  is  consistent  with  physiological 
and  pathological  axioms,  though  in  disagreement  with  the  well-known  doctrines  of  Hilton. 
It  relies  for  its  curative  effect  on  active  movements  of  the  joints  of  the  lo'wer  extremity, 
including  the  knee.  It  must  be  emphasized,  however,  that  adequate  openings  into  the 
infected  joint  must  first  have  been  established  to  allow  the  free  escape  of  s\Tnio\ia  and  pus  ; 
otherwise,  movement  will  result  in  the  dissemination  of  sepsis  into  euls-de-sac  of  the  joint 
and  extra-articular  muscle  planes. 

Active  movement  of  the  joint  will  be  begun  soon  after  it  has  been  operated  up>on, 
and  is  regulated  under  the  super\-ision  of  the  surgeon  in  charge  or  his  assistant.  The 
rationale  of  the  procedure  may  advisedly  be  explained  to  the  patient,  who,  realizing  what 
is  required,  will  usually  lend  his  full  co-operation.  Still  more  will  he  do  this  when  experi- 
ence shows  him  that  movements  actually  alleviate  pain,  coincident  with  the  visible  escape 
of  pus  from  the  joint.  Active  movements  of  not  only  the  knee-joint  but  also  the  ankle 
are  advisable,  for  the  resulting  contractions  of  the  leg  muscles  will  hasten  the  venous 
flow,  thus  diminishing  capillarv'  stasis,  as  evidenced  by  the  absence  of  oedema  of  the  foot. 

To  sum  up,  the  advantages  to  be  derived  from  treatment  by  early  active  mobilization 
appear  to  l>e  five,  its  effects  being  : —  * 

1 .  To  hasten  repair  by  the  preser\'ation  of  a  good  blood-supply  to  the  tissues 
of  the  affected  joint. 

2.  To  aid  drainage,  as  Willems*  has  emphasized. 

3.  To  prevent  extreme  atrophy  of  the  muscles,  so  that  these  will  be  better  able 
to  resume  function  when  the  articular  inflammation  is  at  an  end. 

4.  To  establish  a  process  of  auto-vaccination. 

5.  To  realize  the  i)ossibility  of  a  subsequently  mobile  joint. 

On  the  other  hand,  experience  has  shown  that  the  treatment  is  not  advisable  in 
cases  with  gross  injur>-  to  the  articular  bone  or  essential  tendons  or  ligaments :  or  where 
suppuration  in  the  joint  has  gone  on  for  sixteen  days  or  more. 

THE     SYNOVIAL     FLUID. 

The  synovial  fluid  in  the  knee-joint  is  of  such  importance  in  the  method  of  treatment 
I  am  advocating,  that  it  is  worth  while  to  discuss  its  nature  and  modes  of  reaction 
to  infection  in  detail. 

Bacterial  Invasion. 

1.  In  TO  to  80  per  cent  of  the  cases  of  penetrating  wounds  of  the  knee-joint,  this 
fluid  at  the  original  operation  shows  that  "soiling"  has  occurred.  In  most  it  is  not 
possible  to  see  and  recognize  organisms  in  it  ;  only  on  cultural  examination  can 
their  presence  be  determined. 

2.  Where  the  'toilet  operation"  has  been  successful,  these  organisms  disappear. 
Subsequent  effusion,  should  it  occur,  is  found  to  be  sterile. 

3.  Where  the  'toilet  operation'  has  failed,  as  rendered  apparent  by  the  persis- 
tence or  recurrence  of  the  clinical  signs  of  inflammation  more  than  four  days 
after  operation,  bacteriological  examination  reveals  organisms  in  profusion  by  both 
direct  and  cultural   methods. 

According  to  Sacquepee  (quoted  by  Cosset^),  in  the  first  few  days  after  joint  jjenetra- 
tion  the  number  of  \-isible  germs  in  the  articular  effusion  is  appreciably  less  than  in 
wounds  of  bone  or  muscle  It  is  even  the  rule  that  in  the  first  twenty-four  hours  direct 
examination  reveals  no  organisms.  Cultures,  however,  demonstrate  their  presence  even 
when  the  examination  is  practised  very  soon  after  the  wound.  Where  circumstances 
permit  of  further  examinations,  it  is  almost  always  found  that  there  is  a  multiplication 
in  germs  up  to  about  the  sixth  day.  when  s\Tnptoms  of  infection   begin  to  arise. 

The  Cellular  Elements. 

1.  At  the  original  operation  the  identification  of  cells  typical  of  inflammation 
vol..  VI. — N'o.  24.  39 
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is  generally  prevented  by  the  presence  of  red  and  white  blood-cells  resulting  from 
a  ha'morrhage  into  the  joint. 

2.  In  the  absence  of  such  a  hiemorrhage,  a  preponderance  of  leucocytes  is  not 
pathognomonic  of  severe  septic  infection  of  the  joint. 

3.  A  differential  leucocyte  count  affords  evidence  in  determination  of  infection. 
An  80  per  cent  polynuclear  count  marks  roughly  the  dividing  line  between  good  and 
bad  prognosis  (Lazarus  Barlow*). 

4.  The  presence  of  extracellular  organisms  and  the  absence  of  phagocytosis, 
when  suppuration  has  lasted  for  ten  days,  point  to  a  severe  infection  and  limitation 
of  powers  of  resistance.  Too  much  reliance,  however,  should  not  be  put  upon 
this  observation. 

The  following  changes  in  the  nature  of  the  fluid  escaping  from  a  joint,  during  the 
progress  of  suppurative  arthritis,  to  a  certain  extent  reflect  the  clinical  evolution  of  the 
intra-articular  inflammation.     Three  stages  may  be  recognized  : — 

A.  Developing. 

1.  (a)   Synovial   fluid   discoloured  by  altered  blood  ;    (6)  Albuminous  fluid   like 

coagulating  white  of  egg. 

2.  Sero-purulent  fluid. 

B.  Established  Suppuration. 

3.  Pus.     (a)  Thick   and   creamy   in   staphylococcal   infection  ;     (b)  Thinner  and 

less  \iscid  in  streptococcal  infection. 

C.  Subsidence. 

4.  Pus  with  semi-solid  curds. 

5.  Curds  floating  in  a  clearer  fluid. 

6.  Synovia,  clear  and  limpid. 

The  appearance  of  the  last  two  types  of  escaping  fluid  is  valuable  as  evidence  of 
resolution  of  intra-articular  inflammation.  Histologically,  the  last  reveals  few  poly- 
morphonuclear cells  and,  as  a  rule,  no  extracellular  organisms,  the  few  bacteria  present 
being  intracellular. 

(At  this  stage,  should  large  open  wounds  be  present  with  healthy  vascular  granulations, 
and  if  no  pus  is  apparent,  either  as  a  secretion  of  the  granulating  surface  or  escaping  from 
a  sinus  leading  to  necrosed  bone,  it  is  safe  to  carry  out  partial  or  complete  secondary 
suture.  This  step  is  advisable,  for  dense  cicatrices,  which  are  subsequently  of  con- 
siderable inconvenience,  may  best  be  avoided  by  early  suture.) 

Synovial  Fluid  as  a  Natural  Germicide. — A  joint  subjected  to  an  irritant,  whether 
mechanical,  chemical,  or  bacterial,  reacts  by  an  inflammation  of  the  synovial  membrane 
and  the  outpouring  of  an  excess  of  synovial  fluid  into  the  articular  cavity.  In  whicli 
articular  components  do  the  germicidal  properties  chiefly  reside  ?  The  only  three 
tissues  which  can  supply  this  protection  are  : 

(1)  The  synovial  membrane;  (2)  The  synovial  fluid;  (3)  The  cartilage  (either  the 
menisci  or  that  clothing  the  bone). 

On  account  of  the  avascularity  of  the  third,  only  limited  powers  of  resistance  can  b© 
ascribed  to  this  structure.  The  synovial  membrane,  on  account  of  its  good  blood-supply, 
should  be  competent  to  protect  itself. 

The  most  valuable  germicidal  agent  of  the  joint  must  be  the  synovial  fluid.  This, 
after  all,  is  but  slightly  altered  from  blood  plasma,  and  no  doubt  is  endowed  with  all  the 
protective  qualities  which  the  blood  it.self  possesses.  We  should  expect  to  find  that  the 
protective  value  of  it  would  vary  directly  as  the  supply  of  freshly  oxygenated  blood.  The 
supply  is  largely  governed  by  muscular  action,  involved  in  active  movements.  A  Hushing 
of  the  interior  of  the  joint  with  fresh  synovia,  especially  the  more  vulnerable  components, 
such  as  the  cartilages,  I  believe  to  be  a  factor  of  importance  in  the  natural  recovery  from 
joint  infection. 

Sacquepee's  observations,  mentioned  already,  coincide  with  the  opinion  held  by 
Veillon,^  who  regards  synovia  as  being  powerfully  germicidal  provided  that  it  is  freshly 
secreted  ;  if  allowed  to  stagnate,  it  loses  this  property,  and  becomes  instead  a  good 
culture-medium  for  bacteria. 
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It  appears  probable  that  the  operation  of  paracentesis  followed  by  the  injection  of 
an  antiseptic  fluid,  referred  to  by  Lockwood*  and  others,  owes  its  success  in  arresting 
sepsis  in  certain  early  cases  of  suppurating  knee-joints  to  the  withdrawal  of  syno\ial 
fluid  rather  than  to  the  antiseptic  instilled.  It  is  not  easy  to  see  how  a  solution  such  as 
2  per  cent  formaUn-glycerin  could  kill  all  the  germs  in  an  infected  joint  ;  many  of  these 
lie  concealed  in  sjTiovial  recesses  and  in  blood-clot  far  beyond  the  reach  of  any  antiseptic 
injection. 

Describing  penetrating  gunshot  wounds  of  the  knee-joint,  various  obser\'ers  give  the 
percentage  of  instances  in  which  'soiling'  of  the  syno\ial  fluid  with  organisms  has  occurred 
as  between  70  and  80.  Where  a  fragment  of  high-explosive  shell  is  lodged  in  the  joint, 
the  introduction  of  germs  is  bound  to  have  occurred  :  yet  the  vast  majority  of  such  cases 
run  an  aseptic  course  after  the  removal  of  the  foreign  body  and  the  performance  of  a  'joint 
toilet'  on  the  lines  so  ably  laid  down  by  Colonel  Gray.'  The  operation  no  doubt  removes 
a  considerable  number  of  the  organisms  and  infected  material  ;  a  large  residue,  however, 
must  remain,  and  is  dealt  with  efficiently  by  the  synovial  fluid. 

In  the  20  to  30  per  cent  of  failures,  where  the  mass-action  of  infection  has  been  too 
great,  and  clinical  'sepsis'  as  distinguished  from  'soiling'  has  occurred,  the  aim  of  sub- 
sequent treatment  will  be  :  (1)  To  ensure  a  free  outlet  for  synovia  ;  (2)  To  preserv^e  the 
best  possible  blood-supply  to  the  joint  structures ;  and,  as  a  corollarj',  (3)  Thereby 
to  provide  a  supply  of  the  healthiest  syno\ial  fluid,  that  is,  synovia  best  equipped  with 
vigorous  phagocytes  and  antibodies. 

PRACTICAL  DETAILS  OF  THE  PHYSIOLOGICAL  METHOD. 

The  Formation  of  Adequate  Joint  Stomata  by  Operation. — The  stereotyped  vertical 
parapatellar  incisions  commonly  used  for  drainage  of  the  knee-joint  have  the  following 
drawbacks  : —  ..--  - 

1.  Wide  gaping  of  the  skin  owing  to  the  run  of  the  natural  lines  of  cleavage  m 
this  situation.  The  result  is  wounds  taking  long  to  heal,  and  ultimately  leaving 
troublesome  cicatrices. 


Figs.  490,  491. 


-The  condition  of  the  transverse  arthrotomy  incisions,  with  skiu-synovial  suture,  one  month  after 
receipt  of  the  wound,  which  produced  a  staphrlococcal  arthritis. 


2.  Joint  openings  which  tend  to  close  early,  since  the  split  muscle  and  tendinous 
fibres  forming  the  capsule  fall  together  spontaneously. 

3.  Interference  with  the  blood-supply  of  the  patella,  since  the  main  vessels,  which 
pass  transversely  inwards,  are  di\ided  by  these  incisions. 
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4.  Troublesome  haMiiorrhage  either  at  the  time  of  the  operation  or  sonu-  hours 
later.  Tlie  bleeding  vessels  shrink  away  into  fibrous  tissue  wlien  cut.  and  are  difli- 
cult  to  secure. 

5.  Should  amputation  subsequently  become  necessary,  the  anterior  flap  is  inter- 
fered with. 

Owing  to  these  drawbacks,  I  have  for  some  time  past  been  in  the  habit  of  using 
transverse  incisions  {Figs.  490,  491).  These  remain  open  satisfactorily  and,  where  active 
mobilization  is  employed,  a|)pear  to  drain  the  joint  just  as  efficiently  as  the  vertical  in- 
cisions.    They  are  made  from  the  outer  and  inner  borders  of  the  patella,  commencing  at 


IIGS.  402,  493.- 


'. Votive  movement'  splint.     It  can  be  made  rigid  by  fixation  of  the  adjuster  below  the 
knee.     Xote  the  adjustable  foot-piece,  sui>j>orte(l  by  elastic  slings. 


the  junction  of  the  upjier  and  middle  thirds  of  the  bone,  and  continuing  for  a  distaiice 
backwards  of  about  an  inch  and  a  half.  These  incisions  are  far  removed  from  the  lateral 
ligaments,  which  lie  below  and  behind  them.  The  outer  incision  partially  divides  the 
iliotibial  band. 
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All  structures  down  to  and  including  the  syno\ial  membrane  are  divided  in  the  line 
of  the  skin  incisions.  As  a  final  step,  the  cut  edges  of  the  synovial  membrane  are  stitched 
to  the  cut  edges  of  the  skin  by  a  series  of  suspension  sutures.  A  single  layer  of  rubber 
tissue  is  inserted  between  the  lips,  and  left  in  situ  for  twenty-four  hours,  to  prevent  the 
closure  of  these  openings  by  adhering  blood-clot. 

If  the  muscles  of  the  thigh  are  unusually  well-developed  and  do  not  retract  sufficiently 
to  leave  adequate  joint  o|>enings,  an  elliptical  seginent  is  excised  on  either  side. 

Active  Mobilization. — To  persuade  a  patient  suffering  from  an  early  suppurative 
arthritis  of  the  knee  to  carr>-  out  active  movement  is,  in  practice,  by  no  means  easy.  He 
is  ill,  weak  from  fever  and  possibly  from  loss  of  blood  ;  and,  moreover,  his  joint  is  exces- 
sively painful.  Without  sonic  helj)  lie  will  be  able  to  do  little  or  nothing.  He  cannot 
raise  his  leg  off  the  l)ed,  far  less  bend  and  straighten  the  knee.  For  these  reasons  I  have 
constructed  an  apparatus,  the  description  of  which  follows,  by  means  of  which  gravity 
is  practically  eliminated. 


Fig.  494. — Diagram  of  apparatus.  The  splint  supporting  the  leg  is  partially  counterpoised  by  the  conical 
sand  reservoirs  A  and  B-  The  shape  of  the  reser^"oirs  enables  an  easy  adjustment  of  the  weight  of  sand.  for. 
by  means  of  a  tube  of  outlet  controlled  by  a  tap  in  each,  sand  can  be  allowed  to  flow  from  one  to  the  other,  c  '-^ 
not  a  counterweight  ;  it  is  a  fixture,  and  acts  as  a  cistern  for  the  supply  of  any  additional  sand  necessary  to  A, 
or  through  A  to  B-     D  is  for  waste  sand  (excess  from  B). 


Apparatus. — This  com^prises  :  (1)  A  suitable  splint  ;  (2)  An  overhead  counterpoise 
system. 

1.  The  Splint  {Figs.  492,  493). — This  is  an  elaborated  back  splint  with  foot-piece, 
and  possesses  the  following  features  : — (o)  It  is  guttered  to  fit  the  shape  of  the  leg. 
^b)  It  is  interrupted,  where  it  lies  behind  the  knee,  to  give  access  for  inspection  and 
dressings,  (c)  The  metal  bars  bridging  the  interval  are  jointed,  (d)  An  adjuster  is 
fitted   like   that   supplied    with    the    standard   McIntjTc    splint.      This   is    made    easily 
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detachable  ;   when    removed,   there  is  freedom   for  knee  movements,     (e)  A  footpiece  is 
supplied,  adjustable  in   position  according   to  the  length  of  the  leg.      It  is   pivoted  on 


KUiS.  495,  4!t(i. — Demonstratiiitr  the  ai'jiaratus  in  iKse. 


the  adjusting  pin,  and   held   up   by  two  elastic    slings.      Thus   the   foot    is  maintained 
in  dorsiflexion  when  at  rest.     (/)  Running  wheels  are  attached  below  the  foot  end    of 
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the  splint.     These  prevent  friction,  and  allow  a  free  excursion  up  and  down  a  platform 
on  which  the  splint  rests. 

2.  The  Counterpoise  System  (Figs.  494,  495,  496). — That  shown  in  the  accompany- 
ing figures  may  appear  somewhat  complicated.  It  is  the  standard  pattern  I  have 
established  in  France  for  the  treatment  of  suppurative  arthritis  and  other  conditions  of 
the  knee-joint.  It  has  many  practical  advantages,  but  an  enumeration  of  these  would 
somewhat  complicate  the  present  consideration. 

All  that  is  really  essential  is  four  pulleys  attached  somehow  above  the  leg.  These 
transmit  four  cords,  two  of  which  are  attached  just  above,  and  two  just  below,  the  hinges 
of  the  splint.  At  their  other  ends  are  fixed  counterweights  (sandbags,  etc.).  These  are  not 
quite  hea\y  enough  to  susjjend  the  leg  in  the  air.  They  merely  serve  to  overcome  most 
of  the  force  of  gra\ity.  With  this  arrangement  the  patient's  limited  energy  may  be 
economically  spent  on  movements  at  the  knee,  and  not  wasted  on  the  purposeless  act  of 
lifting  the  leg  from  the  bed. 

Active  movements  are  at  first  carried  out  under  the  observation  of  the  surgeon  or 
Ills  trained  assistants.  The  splint  is  fixed  by  re-applying  the  screw  adjuster  at  all  times 
when  jars,  twists,  or  strains  might  occur,  such  as  during  sleep,  nursing  procedures,  etc. 
Experience  shows  that  normal  movements  of  flexion  and  extension  are  singularly  painless 
provided  there  is  a  free  outlet  for  fluid  from  the  joint,  preventing  any  rise  in  intra-articular 
tension. 

Patients  soon  become  interested  in  the  routine,  and  enjoy  considerable  relief  of  pain 
when  the  daily  movements  are  carried  out.  In  fact,  they  often  ask  that  the  splint  may 
be  released,  in  order  to  ease  their  discomfort  by  movement.  Emphasis  is  again  laid  on 
the  imfwrtance  of  movements  of  the  foot.  Active  contractions  of  the  muscles  of  the  leg 
stimulate  the  flow  of  blood  and  prevent  the  occurrence  of  cedema  from  venous  stasis. 
Possibly,  also,  contractions  of  the  gastrocnemii  help  to  massage  up  pus  from  the  posterior 
compartments  of  the  knee-joint. 

The  physiological  method,  in  order  to  be  of  service,  must  be  instituted  early.  It  is 
useless  to  commence  it  when  all  the  joint  structures  are  becoming  disintegrated  by  septic 
processes,  and  especially  when  the  cartilages  are  becoming  eroded. 

For  this  reason  I  believe  it  unwise  to  resort  to  the  operation  of  arthrotomy,  lavage, 
and  closure,  where  signs  of  sepsis  occur  as  late  as  a  week  after  the  date  of  the 
original  wound  or  priman**  operation.  It  is  wiser  to  avoid  the  waste  of  time  incurred  by 
this  operation,  which,  more  often  than  not,  fails  to  arrest  sepsis  at  so  late  a  stage.  Each 
day's  delay  renders  the  mobilization  method  less  likely  to  succeed,  and  lessens  the  chance 
of  obtaining  a  movable  joint  at  the  finish. 


PARTICULARS     OF     CASES. 

To  illustrate  the  type  of  case  which  lends  itself  to  this  method  of  treatment,  the 
following  may  be  quoted  as  good  examples  :  — 

Case  14. — L.-Cpl.  T.  Received  a  shell  wound  of  right  thigh  and  knee,  Oct.  15,  1918.  At 
the  casualty  clearing  station  a  piece  of  high -explosive  shell  was  removed  from  the  extensor  muscles 
just  above  the  outer  angle  of  the  patella.  The  wound  was  excised  and  sutured  ;  the  knee-joint 
at  this  operation  did  not  appear  to  be  involved.  The  patient  was  admitted  under  my  care  on 
Oct.  17.  On  Oct.  21  the  knee  was  painful  and  slightly  swollen,  the  temperature  100'.  On  para- 
centesis the  following  day,  turbid  coagulating  fluid  was  withdrawn  from  the  joint.  Histologically 
examined,  this  was  seen  to  be  rich  in  pus  cells  and  staphylococci.  In  consequence,  the  wound 
was  reopened,  internal  transverse  arthrotomy  (by  the  method  described  above)  was  done,  and 
the  joint  washed  out  with  saline.  Immediate  active  mobilization  was  instituted.  Movements 
were  good  from  the  first,  and  the  temperature  and  pulse  settled  in  the  course  of  a  few  days.  On 
Nov.  4  active  flexion  could  be  carried  out  through  a  range  of  100°,  and  by  this  time  the  fluid 
escaping  from  the  joint  had  become  clear  and  limpid,  resembling  typical  normal  synovia.  Two 
days  later  fluid  had  ceased  to  escape.  By  Nov.  18  the  wounds  were  healing  well,  there  was  full 
range  of  active  movement,  and  the  patient  was  getting  up  and  able  to  walk  a  few  steps.  On 
Nov.  20  he  was  sent  to  England,  with  the  right  knee-joint  normal  to  all  outward  appearances. 
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except  for  incompletely  healed  wounds.     The  accompanying  photofiniphs  {Fi<is.    M)?,    M>S)  ! 
the  range  of  movenjcnt  thirty  days  after  the   receipt  of  tlie  original    injury.     Two    and  a 


show 
i.|>irv.      Iwo    and  a    Imlf 
months  from  the  date  of  injury,  the  report  froni  England  stated  tliat  tiie  wounds  were  liealed. 
there  was  full  range  of  movement,  no  swelling  of  the  joint,  and  the  patic-ut  could  walk  two  miles. 


FlO.  497. — Case  11,  one  iiioiitli  after  shell  wouikI  of  the  knee  which  iiroduceil  a  septic  arthritis. 


Fig.  498. — The  same  case,  showiiif,'  that  at  this  time  a  complete  raiii.'e  of  movement  was  i)Ossihle. 


Case  17. — Gnr.  D.  Received  a  shell  wound  of  right  knee  on  Oct.  23,  1918.  The  fragment 
of  shell  was  removed  the  following  day  at  a  casualty  clearing  station  ;  the  joint  was  washed  out 
with  Dakin's  fluid  and  closed.  The  patient  was  admitted  under  my  care  on  Oct.  2r>,  when  the 
whole  joint  was  very  much  swollen,  the  skin  was  fcdematous,  and  there  was  great  tension  on  the 
lower  stitches  of  a  long  antero-internal  arthrotomy  wound.  Some  of  the  stitches  were  immediately 
removed.  The  next  day  paracentesis  was  done,  and  suppurating  blood  clot  removed  from  the 
joint.  On  examination,  this  fluid  contained  pus  cells, /i.  [Veichii,  and  staphylococci  in  profusion. 
Accordingly  the  same  day  an  external  transverse  arthrotomy  with  skin-synovial  suture  was  done. 
At  the  same  time  the  lower  part  of  the  original  wound,  where  it  layover  the  joint,  was  opened, 


SUPPURATIVE    ARTHRITIS    OF    THE    KXEE 


o7i> 


and  the  skin  stitched  to  the  syno\ial  membrane.  The  joint  was  washed  out  with  saUne,  and,  of 
course,  left  open.  In  the  course  of  eleven  days  the  temperature  had  settled  and  active  move- 
ment through  82-  was  easy.  By  Nov.  21  there  was  full  range  of  active  movement,  and  the  wounds 
were  granulating  well,  fluid  ha\ing  ceased  to  escape  from  them.  On  Nov.  25  the  patient  was 
getting  up  and  could  bear  weight  on  the  limb.  (See  Figs.  499 — 502).  By  Dec.  15  he  was  able  to 
walk  long  distances  without  a  stick,  and  there  was  hardly  any  perceptible  lameness. 

In  the  more  virulent  types 
of  inflammation,  and  especially 
when  it  is  associated  with  gross 
bone  injur\-,  movements  towards 
the  end  of  the  third  week  may 
become  restricted  and  painful. 
If  this  is  not  due  to  a  collection 
of  pus  in  the  p)opliteaI  space,  it 
is  regarded  as  coinciding  with 
erosion  of  the  articular  cartilages, 
and  is  the  signal  for  the  appli- 
cation of  a  rigid  Thomas  splint 
with  extension,  ho|>e  of  a  mobile 
knee  being  no  longer  entertained. 

Such  an  occurrence  is  not  to 
l)e  regarded  as  complete  failure, 
for  experience  shows  that  the 
measures  adopted  early  have 
scr\ed  the  following  purposes  : 
(1)  Prevention  of  tracking;  (2) 
Hastening  of  resolution  of  the 
septic  processes  within  the  joint 
by  stimulation  of  the  synovial 
circulation  :    (3)  Limitation  of  the 

Not  the  least  striking  feature 


Kt<;.  499. — Cojif  17.  five  weeks  after  removal  of  missile  which  produced 
a  suppuiaHre  arthritis  (staphylococcus  and  B.  fi'eichii).  The  lower  part  of 
the  otiginal  operation  wound  was  converted  into  a  joint  stoma. 


Fig.  500. — The  same  case,  showing  range  of  movement. 


intensity  of  the  inflammation  and  of  toxic  absorption. 

when  this  treatment  is  carried  out  is  the  satisfactory' 
general  condition  these  patients 
preserve.  Their  appetites  re- 
main good  ;  they  sleep  well ; 
take  interest  in  their  surround- 
ings ;  and,  in  fact,  present  an 
entirely  different  picture  from 
that  which  we  were  accustomed 
to  see  when  treatment  by  im- 
mobilization was  carried  out. 

Though  the  tendency  to 
track  is  overcome,  a  localized 
abscess  frequently  occurs  in  the 
popliteal  space.*  It  is  not  quite 
clear  whether  this  comes  about 
by  an  extension  through  the 
back  of  the  joint  by  way  of  the 
bursse,  or  by  a  track  superficial 
to  the  condyles.  These  abscesses 
occurred  in  10  out  of  23  cases 
treated  by  the  physiological 
method. 


*  The  occurrence  of  pain,  swelling,  and  oedema  in  the  popliteal  space  is  an  indication  for  an  immediate 
exploratory  incision. 
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Fig.  501. — Temperature  chart  of  Case  17.     The  increment  in  range  of  activejnovement  is  iniUcated  by  the 
number  stated  in  dei^rees.     Note  the  steady  pulse-rate  and  gradual  subsidence  of  temperature. 


Fig.  302. — Skiagram  of  Case  17  at  the 
sixth  week.  To  demonstrate  that  absorp- 
tive changes  in  the  bone  are  very  limited, 
extending  only  a  short  distance  into  the 
depth  of  the  cancelloas  tissue.  There  is  no 
subperiosteal  deposit  of  new  bone. 
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That  a  joint  treated  by  the  physiological  method  may  sterilize  itself  is  evident  from 
the  following  case  : — 

Case  8. — Bdr.  M.  Developed  a  streptococcal  arthritis  after  a  shell  wound,  which  caused  a  very 
septic  compound  fracture  of  the  fibula,  and  injury  to  the  popliteal  artery  necessitating  its  ligature 
in  addition  to  the  joint  lesion. 

The  joint  was  treated  by  the  physiological  method.  On  the  twenty-ninth  day  it  became 
necessary  to  amputate,  owing  to  extensive  suppuration  in  the  lower  part  of  the  leg,  the  consequence 
of  ligature  of  its  main  artery.  Examination  of  the  amputated  limb  showed  that  the  interior  of 
the  knee-joint  was  in  a  satisfactory  state.  There  was  no  pus,  merely  a  little  clear  fluid,  upon  which 
the  pathological  report  was  as  follows  :  in  50  fields  there  were  114  polymorphs,  34  lymphocytes, 
and  4  cocci. 

Such  a  degree  of  recovery  in  a  Nery  acute  streptococcal  joint  after  twenty-eight  days' 
treatment  offers  convincing  proof  of  its  efficacy.  The  joint  fluid,  in  fact,  revealed  a 
condition  of  cleanliness  which  almost  conformed  to  Carrel's  standard  of  'clinical 
sterility.'® 

The  Table  on  p.  578  shows  that  about  50  per  cent  obtained  a  mobile  knee.  There  were 
no  deaths  in  the  series,  and  the  one  amputation  {Case  8)  was  necessary'  on  account  of 
intractable  suppuration  in  the  leg  resultant  upon  ligature  of  the  popliteal  artery  ;  the 
knee-joint,  subsequent  examination  showed,  had  settled  down  completely.  In  each  of 
these  cases  the  knee-joint  was  definitely  infected  and  in  one  of  the  various  stages  of 
suppuration;  not  one  was  merely  a  'soiled"  joint.  It  will  be  observed  that  in  no 
instance  where  movements  were  commenced  after  the  seventh  day  did  a  mobile  joint 
result.  Mobilization,  however,  in  these  cases  imdoubtedly  served  a  useful  purpose,  and 
the  end-results,  though  ankylosis  occurred,  were  very  good. 

A  practical  difficulty  lies  in  deciding  upon  the  length  of  the  period  of  probation,  for 
in  many  cases  of  suppurative  arthritis  acute  symptoms  are  not  manifest  until  as  late  as 
the  tenth  day,  and  the  fact  that  effusion  into  the  joint  is  occurring  may  escape  notice  by 
the  leakage  of  synovial  fluid  into  the  depth  of  an  open  wound  near  the  joint.  Many 
coincident  conditions  may  be  factors  in  producing  pyrexia,  increased  pulse-rate,  and  other 
symptoms  of  toxic  absorption.  In  some  cases — necessarily  not  included  in  the  foregoing 
list — the  local  signs,  the  symptoms,  and  the  withdrawal  of  a  syno\ial  fluid  rich  in  poly- 
nuclear  leucocytes  have  prompted  me  to  adopt  the  physiological  method  of  treatment 
without  delay,  knowing  that  evidence  of  the  existence  of  bacteria  might  require  forty- 
eight  hours  to  be  reliable,  the  time  necessarj'  for  incubation  of  organisms  dilatory'  in 
growth  on  artificial  culture  media.  In  no  case  where  the  pathologist's  report  was  sub- 
sequently negative  for  bacteria  did  contamination  of  either  the  stomata  or  the  interior 
of  the  opened  joint  occur,  and  progress  to  free  mobility  was  unhindered. 


SUMMARY     AND     CONCLUSIONS. 

1.  All  surgical  methods  of  draining  the  knee-joint  in  suppurative  arthritis  have  certain 
drawbacks. 

2.  The  physiological  method  of  treatment  described  above  endeavours  to  J)^o^^de  : 
(a)  A  circulation  of  synovial  fluid  with  maximum  powers  of  resistance,  in  virtue  of  a  free 
blood-supply  to  the  affected  joint  ;    (6)  Free  drainage  for  pus. 

3.  The  practical  requirements  of  the  treatment  are  :  (a)  Free  outlets  for  fluid  from 
the  joint  ;    (6)  Active  movements. 

4.  In  about  50  per  cent  of  the  cases  treated  a  useful  mobile  joint  has  been  obtained. 

5.  In  the  absence  of  extensive  bone  injur\- — which  necessarily  negatives  this  treat- 
ment— pro\ided  the  physiological  method  is  established  early,  resolution  is  hastened  and 
tracking  is  rare.     Collections  of  pus  in  the  popliteal  space  occur  frequently. 

6.  The  method  is  impracticable  if  its  adoption  be  delayed  until  the  establishment  of 
the  fulminating  stage  of  suppurative  arthritis. 
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TaBLK    of    CaSICS    TUliATIiU    BY    Tllli    l»llV.SIOLOUlCAL    ^IkTIIOU. 


Day  whkn 

Cask 
No. 

OmiAXisMs 

I'.oxr.  iNjiitv 

KXTKA-AUTIcrLAU 
JSnTlllATIOX 

A<TIVK 

movkmknth 
beuan 

l{i:<rLT 

1 

Staphylococcus     . . 
Streptococcus  (long  chain) 

Femur 

*Thigh,  aborted 

11th  day 

Ankj'losis 

2 

Staphylococcus     .  . 
Streptococcus  (long  chain) 

Femur 

•Thigh,  aborted 
Popliteal 

15th     „ 

Ankylosis 

3 

Staphylococcus     . . 
Streptococcus 

Tibia  and  patella 

♦Thigh,  aborted 
Popliteal 

10th     „ 

Ankylosis 

4 

Diphtheroids 
Streptococcus  (short   chain) 

Fennir 

— 

7th     „ 

90°   mobility 

5 

Staphylococcus     .  . 
Streptococcus 

None                   . . 

Popliteal 

5th     „ 

105° 

6 

Staphylococcus     . . 
Streptococcus 

Femur 

— ■ 

4th     „ 

90° 

7 

Staphylococcus     .  . 
Coliform  bacillus 

Tibia,  femur,  and  patella 

— 

6th     „ 

60° 

8 

Staphylococcus     .  . 
Streptococcus  (long  chain) 

Fibula 

Popliteal 

4th     „ 

Amputation 

9 

Staphylococcus     .  . 

Patella 

Popliteal 

5th     „ 

Ankylosis 

10 

Staphylococcus     . . 
Streptococcus 

Femur 

Popliteal 

11th     „ 

Ankylosis 

11 

Staphylococcus     .  . 
Coliform  bacillus 

Femur 

2  in.  up  from 
external    ar- 
throtoiny 
wound 

10th     „ 

Ankylosis 

12 

Staphylococcus     .  . 

Tibia  .  . 

Popliteal 

6th     „ 

Ankylosis 

13 

Staphylococcus     .  . 
Streptococcus 

Patella 

Suppurating 
haematoma 
of  thigh 

9th     „ 

Ankylosis 

14 

Staphj'lococcus     .  . 

None 

— 

7th     „ 

Full  mobility 

15 

Streptococcus 
Coliform  bacillus 

Femur 

— 

4th     „ 

45°  mobility 

16 

Staphylococcus     . . 
Coliform  bacillus 

Patella 

Popliteal 

5th      ,. 

Ankylosis 

17 

Staphylococcus     .  . 
B.    Welchii 

Femur 

— 

5th      „ 

Full  mobility 

18 

B.    Welchii 

Patella 

— 

7th     „ 

Full  mobility 

19 

B.    Welchii 

Femur 

— 

3rd     „ 

Full  mobility 

20 

Streptococcus  (long  chain) 

Tibia  . .               .  . 

Popliteal      . . 

4th     „ 

Ankylosis 

21 

Staphylococcus     .  . 

Femur 

- 

7th     „ 

50°  mobility 

22 

Staphylococcus     .  . 

None 

— 

6th     „ 

Full  mobilitty 

23 

Streptococcus  (long  chain) 

Femur 

— 

13th     „ 

Ankylosis 

*  By  thus  is  meant  that  at  the  time  of  my  oriiLriiial  operation  pus  had  extended  throusrh  the  subeniral  bursal  reflection.      Xo 
farther  tracking  enssued. 
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WAR    CONTRACTURES    LOCAUZED    TETANUS,    REFLEX 
DISORDER,    OR    HYSTERIA. 

By  LiECTKNANT-CoLONEL  ARTHUR  F.  HURST,  R.A.M.C., 
Seede  flayne  Miiitary  Hospital. 

From  an  early  date  in  the  War  there  was  much  controversy  as  to  the  nature  of  the  frequent 
eases  in  which  contractures  occur  as  a  result  of  injuries  to  the  soft  parts  of  the  limbs,  with 
or  without  the  bones  and  joints  being  involved.  The  contractures  are  generally  discovered 
when  the  dressings  and  splints  are  removed,  but  they  may  be  noticed  directly  after  the 
infliction  of  the  wound,  or  only  develop  gradually  several  weeks  later. 

The  War  Office  Committee  for  the  Study  of  Tetanus  circulated  questions  as  to  the 
frequency  of  muscular  contractures  after  injuries  among  the  "  principal  surgeons  in  England, 
especially  those  whose  practices  are  among  the  large  industrial  classes,  where  injuries  in 
civil  life  are  common."  Answers  were  received  from  about  eighty  surgeons,  only  one  of 
whom  had  ever  seen  such  a  sequel  of  a  wound.  The  result  of  the  inquirj-  is  remarkable, 
for  I  have  seen  frequent  cases  of  contracture  following  injurj'  in  civil  life  ;  and  I  have  no 
doubt  that  if  the  questions  had  been  sent  to  neurologists  and  orthopaedic  surgeons,  very 
different  answers  would  have  been  obtained.  In  the  following 
case,  for  example,  the  man  was  rapidly  cured  by  psycho- 
therapy of  a  contracture  of  the  hand,  which  had  developed  after 
amputation  of  a  finger  five  years  before  he  joined  the  Army. 

Hysterical  contractuTe  following  amputation  of  a  fingrer,  of 
six  years'  duration,  cured  by  psychotherapy  in  an  hour. 

Pte.  VV.,  age  26,  had  the  third  Hnger  of  his  left  hand  amputated 
in  April,  1912,  for  blood-poisoning.  Following  the  operation,  all  the 
fingers  of  the  hand  l>ecame  rigidly  flexed  (Fig.  503),  but  no  treatment 
was  given.  He  was  admitted  into  the  Army  in  .'Vpril,  1917,  in  spite 
of  his  disability.  He  was  employed  on  light  work  for  the  following 
eleven  months,  and  was  then  admitted  under  us.  He  was  treated 
by  manipulation  and  persuasion,  and  in  an  hour  there  was  complete 
relaxation  of  the  fingers  (Fig.  504).  Next  day,  under  further  treat- 
ment by  persuasion  and  re-education,  movement  in  all  the  joints  was 

obtained.  At  the  end  of  three  weeks  his  hand  was  quite  strong,  and  he  was  able  to  use  it  for  all 
ordinar\-  purposes.     (Major  .J.  L.  M.  S\Tnns.) 

Localized  Tetanus  Theory. — Having  re- 
ceived these  answers,  the  Tetanus  Committee 
came  to  the  conclusion  that  the  condition 
must  be  a  new  one,  which  had  arisen  as  a 
result  of  some  special  circumstances  arising 
in  the  present  war,  and  they  ascribed  it  to 
localized  tetanus,  which  had  never  been  recog- 
nized in  man  before,  but  which  undoubtedly 
occurs  now  that  the  routine  administration  of 
prophylactic  injections  of  antitetanic  senmi 
has  caused  generalized  tetanus  to  become 
comparatively  rare.  Most  of  the  speakers  at 
the  conjoint  meeting  of  the  Sections  of 
Surgery  and  Xeurologj-  of  the  Royal  Society 
of  Medicine  with  the  Tetanus  Committee, 
held  as  recently  as  Feb.  14,  1918,  to  discuss 

"  Muscle  Contractures  follo\\ing  Injury,"  appear  to  have  believed  that  localized  tetanus 

is  the  explanation  in  the  majority  of  cases. 


Fig.  503. — Hyssterical  contrac- 
ture of  six  jears'  duration  following 
amputation  of  finger. 


KlG.  o^i. — Same  hand  as  Fig.  503  after  an  hour".- 
treatment. 
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Until  the  present  war  the  only  form  of  localized  tetanus  which  had  been  recognized 
was  the  so-called  cephalic  or  head  tetanus.  A  few  cases  had  been  recorded  in  which  the 
spasms  began  in  the  injured  limb  and  remained  most  severe  in  it  after  generalization 
occurred  ;  but  the  first  case  of  tetanus,  in  which  the  symptoms  were  strictly  localized  to 
one  limb  throughout  the  illness,  was  described  in  May,  1915,  by  Courtellement.  Numerous 
observations  on  the  subject  have  been  published  in  France  and  England  since  that  date, 
but  even  now  many  cases  of  localized  tetanus  probably  escape  recognition  through  want 
of  familiarity  with  the  condition. 

Most  cases  of  localized  tetanus  which  occurred  before  the  middle  of  1915  must  have 
been  diagnosed  as  traimiatic  hysterical  contracture,  and  five  out  of  the  nine  cases  I  have 
seen  were  at  first  regarded  as  hysterical.  On  the  other  hand,  the  contractures  in  at  least 
two  cases  which  have  been  published  as  exami)les  of  local  tetanus  must  really  have  been 
hysterical  in  origin,  as  they  developed  immediately  after  the  wound  was  received,  although 
it  is  impossible  for  tetanus  to  develop  until  the  bacilli  introduced  in  the  wound  have  had 
time  to  produce  the  toxin,  which  has  then  to  travel  to  the  central  nervous  system  before 
it  can  give  rise  to  symptoms. 

In  the  early  stages  the  diagnosis  between  localized  tetanus  and  hysterical  spasm  may 
be  extremely  difficult.  If  the  contractures  persist  without  abating  for  more  than  three 
or  four  weeks,  and  do  not  disappear  completely  at  the  end  of  six  or  eight  weeks,  they  are 
probably  hysterical,  even  if  they  were  at  first  due  to  tetanus.  Spasms  which  begin 
immediately  after  the  wound  is  inflicted  cannot  be  due  to  tetanus  ;  they  are  generally 
reflex  and  protective  in  nature,  but  are  often  maintained  after  the  first  few  hours  or  days 
by  autosuggestion.  A  later  onset  is  compatible  with  both  tetanus  and  hysteria,  and  in 
both  the  extent  of  the  contracture  is  often  out  of  all  proportion  with  the  size  of  the  wound. 
If  the  contracture  persists  in  sleep,  hysteria  can  be  excluded.  A  general  anaesthetic  causes 
hysterical  contractures  to  disappear  more  rapidly  than  tetanic  contractures,  which  persist 
to  some  extent  even  under  deep  anaesthesia,  although  even  the  former  may  still  be  present 
after  consciousness  is  lost.  If  the  muscles  are  of  a  wooden  and  unvarying  hardness,  tetanus 
is  almost  certainly  present.  An  increase  in  the  size  of  the  muscle,  possibly  due  to  obstruc- 
tion of  its  lymphatics,  without  tenderness  or  subcutaneous  oedema,  is  conclusive  evidence 
in  favour  of  local  tetanus.  The  continued  tonic  contraction  in  tetanus  is  generally  accom- 
panied by  spasmodic  and  more  or  less  painful  contractions,  which  are  often  brought  on 
by  external  stimuli.  When  there  is  any  doubt  as  to  the  diagnosis  during  the  first  week, 
the  condition  should  be  assumed  to  be  local  tetanus,  as  it  is  never  possible  to  say  whether 
generalization  may  not  develop  later.  Early  injections  of  antitetanic  serum  should  pre- 
vent this,  and  they  will  do  no  harm  if  the  spasms  are  not  really  due  to  tetanus.  After 
contractures  have  persisted  for  a  month,  they  should  be  regarded  as  wholly  or  in  part 
hysterical  in  origin,  and  psychotherapy  should  be  employed  without  further  delay. 

Reflex  Theory. — Babinski  and  Froment  believe  that  many  of  the  contractures  whicli 
have  hitherto  been  regarded  as  hysterical,  or  due  to  some  obscure  condition  such  as  an 
ascending  neuritis,  as  believed  by  Tinel,  are  really  reflex  in  origin.  They  have  summarized 
their  views  in  the  second  section  of  their  book  published  in  1917  on  IJysterie-Pithiatisme  ^ 
et  Troubles  Nerveux  (TOrdre  R^flexe  en  Neiirologie  de  Guerre.  This  theory  at  first  seems 
to  offer  a  satisfactory  explanation  of  many  cases,  the  nature  of  which  had  hitherto  remained 
obscure  ;  but  a  critical  investigation  of  the  subject  has  convinced  us  that  such  reflex  con- 
ditions never  occur. 

Babinski  and  Froment  admit  that  reflex  symptoms  resemble  hysterical  symptoms 
in  being  quite  out  of  proportion  with  the  often  trivial  injury  which  gave  rise  to  them,  but 
state  that  they  differ  in  being  entirely  unaffected  by  psychotherapy  and  in  certain  clinical 
features.  The  former  distinction  I  have  already  criticized,  as  in  our  experience  rapid 
recovery  always  follows  persuasion  and  re-education.  The  clinical  features,  which  were 
believed  by  Babinski  and  Froment  to  exclude  the  possibility  of  hysteria,  are  discussed  in 
a  later  section,  where  they  are  shown  to  be  secondary  to  the  impaired  venous  and  lymphatic 
circulation,  caused  by  the  disuse  resulting  from  hysterical  paralysis  and  contracture. 

There  is  no  doubt  that  reflex  contraction  of  the  neighbouring  muscles  is  not  uncommon 
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immediately  after  a  wound  is  inflicted,  the  reflex  being  protective  in  nature,  just  as  is  the 
reflex  contraction  of  the  abdominal  muscles  in  acute  appendicitis  or  after  perforation  of  a 
gastric  ulcer.  When,  however,  the  symptom  persists  after  the  wound  has  healed,  it  is  no 
longer  due  to  any  reflex  action,  but  is  the  result  of  suggestion  ;  the  contracture  is  thus 
primarily  reflex  and  subsequently  hysterical. 

Hysteria. —  Our  own  observations  have  led  us  to  the  conclusion  that  hysteria  is  invari- 
ably the  cause  in  chronic  cases,  and  that  even  when  localized  tetanus  or  a  reflex  spasm 
is  present  at  the  onset,  any  s\  in{)toms  which  {)ersist  are  due  to  perpetuation  by  suggestion  ; 
they  are  thus  eventually  hysterical. 

The  matter  is  by  no  means  of  merely  academic  interest.  If  the  contracture  is  due 
to  localized  tetanus,  the  proper  treatment  would  be  by  injections  of  antitetanic  serum. 
If  the  reflex  theory  of  Babinski  and  Froment  is  correct,  the  patients  can  only  be  very 
slowly  cured  after  months  of  treatment  by  physical  methods.  If,  however,  the  contrac- 
tures are  hysterical  in  origin,  they  should  be  curable  at  a  single  sitting  by  psychotherapy. 

When  hysterical  contractures  are  erroneously  diagnosed  as  being  due  to  localized 
tetanus  or  reflex  action,  the  correct   treatment   will  not  be  undertaken.     Thus  Wilfred 


Fig.  503. — Hyi-terical  contracture  of  hand  of  fifteen  months'  duration,  cured  by  suggestion. 


Harris,  who  apparently  regards  the  condition  as  frequently  due  to  tetanus,  states  that 
••  these  cases  are  most  resistant  and  difficult  to  treat."  He  has  tried  to  straighten  the 
fingers  and  put  them  into  splints  under  an  anaesthetic,  but  without  success.  In  the  same 
way  the  popularization  of  the  idea  of  reflex  symptoms,  by  the  pubhcation  of  Babinski  and 
Fromenfs  book,  and  its  translation  into  English,  is  likely  to  lead  to  hysterical  conditions 
being  diagnosed  as  reflex,  with  the  result  that  they  will  not  receive  the  benefit  of  psycho- 
therapy, which  would  otherwise  have  cured  them.  It  is  a  curious  fact  that  Babinski, 
who  more  than  any  other  neurologist  has  demonstrated  the  important  part  taken  by 
suggestion  in  the  origin  of  hysterical  symptoms,  and  has  shown  how  they  can  be  cured 
by  suggestion,  should  himself  have  become  a  victim  of  suggestion  ;  for,  ha^^ng  made  up 
his  mind  that  these  contractures  are  reflex,  and  therefore  not  amenable  to  psychotherapv. 
he  has  failed  to  cure  them  by  psychotherapy,  and  has  described  this  failure  as  one  of 
the  most  characteristic  features  of  the  condition. 
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The  followinff  case,  which  was  the  first  one  I  saw  after  reading  Babinski  and  Froment's 
book,  iUustrates  how  an  inipUcit  belief  in  their  teaching  woukl  have  led  us  to  neglect 
|)sychotherapy,  without  which  the  patient  could  not  have  been  cured. 

Hysterical  contracture  and  paralysis  of  fifteen  months'  duration,  at  first  supposed  to  be 
reflex,'  cured  by  sugrgrestion. 

Pte.  W.,  awe  21,  received  a  slijiht  wound  in  the  hand  in  May.  1916.  When  the  dressings 
were  removed,  his  hand  was  found  to  be  fixed  with  the  fingers  semiflexed  and  the  thumb  addueted. 
Movements  of  the  elbow  and  wrist  were  normal,  but  he  could  make  no  movements  with  the  fingers 
or  thuml).  The  wound  soon  healed,  but  the  condition  of  the  hand  |)ersisted  in  spite  of  massage 
and  electricity.  It  had  been  supposed  that  the  contracture  was  due  to  adhesions  involving  the 
tendons  and  palmar  fascia.  I  first  saw  him  in  August,  1917,  fifteen  months  after  the  wovmd  was 
received.  No  improvement  had  occurred,  the  fingers  and  thumb  being  still  flexed  {Fig.  HOo)  ; 
but  it  was  found  that  the  contracture  could  be  slowly  overcome  by  force.  When  a  voluntary 
effort  was  made  to  move  the  fingers  or  thumb,  the  affected  muscles  were  seen  to  contract,  but 
no  movements  resulted,  as  the  muscles  opposing  the  desired  movement  also  contracted  instead 
of  relaxing.  There  was  no  atrophy,  and  the  electrical  reactions  were  normal.  The  hand  was 
swollen  ;  it  was  red  when  the  room  was  warm,  and  blue  when  it  was  cold,  a  considerable  difference 
in  temperature  between  the  two  hands  being  present  always;  excessive. sweating  also  occurred 
on  the  palm  of  the  affected  hand. 

The  condition  would  have  at  once  been  diagnosed  as  hysterical,  had  it  not  been  that  a  recent 
study  of  Babinski  and  Froment's  work  on  reflex  paralysis  and  contracture  led  to  the  suggestion 
that  this  was  an  example  of  such  a  reflex  condition,  as  the  position  of  the  hand  was  identical  with 
that  shown  in  one  of  the  figures  in  their  book,  and  oedema,  vasomotor  changes,  and  excessive 
sweating — which,  according  to  them,  never  occur  in  hysteria  but  are  common  in  reflex  disorders — 
were  present. 

As  I  wished  to  see  how  much  relaxation  occurred  under  anaesthesia,  ether  was  given.  The 
contracture  relaxed  more  slowly  than  would  have  been  expected  in  hysteria,  this  seeming  at 
first  to  confirm  the  diagnosis  of  a  reflex  condition  ;  but  as  I  was  still  doubtful  as  to  whether  the 
condition  might  not  be  hysterical,  I  tried  the  effect  of  vigorous  suggestion  with  the  aid  of 
electricity  as  the  patient  was  coming  round.  With  this  treatment  the  muscles  relaxed  and  all 
movements  became  possible.  During  the  next  few  days  treatment  by  re-education  was  continued, 
with  the  result  that  ten  days  later  the  patient  was  able  to  use  his  hand  for  all  ordinary  purposes. 
.Simultaneously  with  the  disappearance  of  the  contracture  and  paralysis,  the  cedema,  sweating, 
and  vasomotor  disturbances  completely  disappeared. 

PATHOGENESIS. 

The  posture  in  hysterical  contractures  is  identical  with  that  which  happened  to  exist 
at  the  time  the  contractures  developed,  and  is  in  many  cases  that  which  was  assumed 
immediately  after  the  injury.  Thus,  if  one  or  more  peripheral  nerves  were  damaged,  the 
j>osition  corresponds  with  what  would  result  from  paralysis,  or  occasionally  from  irritation, 
of  these  nerves.  In  such  cases,  when  the  nerve  recovers  from  the  effect  of  the  injury, 
which  may  be  within  a  few  hours  if  the  latter  is  nothing  more  than  slight  concussion,  or 
may  be  weeks  or  months  if  it  is  more  serious,  the  abnormal  posture  and  the  inability  to 
move  are  maintained  as  a  result  of  suggestion. 

In  other  cases  the  injury  may  lead  to  reflex  spasm  of  the  neighbouring  muscles  and 
inhibition  of  movement  of  the  whole  limb,  which  is  protective  in  nature,  but  which  rapidly 
disappears  as  the  condition  of  the  wound  improves.  Apart  from  this  reflex  action,  tho- 
patient  more  or  less  subconsciously  assumes  the  position  which  gives  most  relief  to  the  pain 
caused  by  his  injury  ;  he  keeps  the  affected  segment  of  the  limb  rigidly  in  this  position, 
and  at  the  same  time  he  often  abstains  from  moving  the  limb  as  a  whole,  as  this  too  would 
cause  pain.  Both  the  reflex  and  semiconscious  local  spasm  and  general  inhibition  are  liable 
to  be  perpetuated  by  autosuggestion  when  the  condition  of  the  wound  improves  and  the 
l)ain  diminishes,  the  initial  reflex  and  voluntary  conditions  merging  insensibly  into  hys- 
terical spasm  and  paralysis.  The  patient  does  not  realize  that  the  absence  of  voluntary' 
effort  on  his  part  had  the  object  of  saving  him  from  pain,  but  believes  that  it  was  due 
to  'paralysis  ' — the  direct  result  of  his  injury. 

In  some  cases  the  injury  itself  places  the  limb  in  some  abnormal  position,  and  this 
is  maintained  owing  to  the  pain,  which  the  patient  experiences  when  he  tries  to  correct 
it.  and  to  the  reflex  and  voluntary  spasm  which  oppose  the  efforts  of  the  surgeon  to  replace 
it.     This  is  particularly  well  seen  in  the  hysterical  contracture  causing  talipes  equinovariis 


WAP.     CONTRACTUKES 


583 


(Fig.  506)  after  the  foot  has  been  twisted  into  this  jjosition  by  an  accident,  whether  this 
results  in  a  simple  sprain,  tearing  of  ligaments,  or  a  fracture. 

Occasionally  an  hysterical  contracture  develops  as  a  sequel  of  local  tetanus.  In  such 
cases  the  posture  is  that  caused  by  the  contraction  of  the  muscles,  which  are  supplied  by 
the  anterior  cornu  cells  of  the  spinal  cord  in  the  neighbourhood  of  the  point  of  entry*  of 
the  afferent  nerve  fibres  connected  with  the  parts  immediately  adjoining  the  wound,  from 
which  the  tetanus  toxin  is  absorbed.  When  at  the  end  of  three  or  four  weeks  the  tetanic 
spasm  gradually  disappears,  the  contracture  may  persist  as  an  hysterical  condition. 
Apart  from  the  history,  this  origin  should  always  be  suspected  when  the  spasm  involves 
a  group  of  muscles  or  the  whole  or  a  segment  of  a  single  muscle,  which  could  hardly  be 
thrown  into  action  alone  by  voluntary'  effort.  Thus,  in  one  such  case  the  knee  was  fixed 
in  a  position  of  extension  by  spasm  of  the  sartorius  ;  and  in  two  others  the  knee  was 
flexed  and  the  foot  plantar-flexed  by  a  localized  spasm  of  a  small  segment  of  the  ham- 
strings and  the  calf  muscles  respectively.  Contractures  of  this  sort  could  not  be  imitated 
voluntarily,  but  the  patient  had  become  accustomed  to  them  whilst  the  tetanus  lasted,  and 
the  habit  thus  learnt  was  fjerijctuated 
without  alteration  when  the  tetanic 
spasm  was  gradually  replaced  by  the 
hysterical  contracture. 

In  many  cases  the  posture  is  that 
in  which  the  surgeon  fixed  the  limb  by 
means  of  splints  or  bandages  when  it 
wa-s  first  dressed.  The  patient  l>ecomes 
so  accustomed  to  the  immobility  of  the 
joint,  that  when  the  splint  or  bandage  is 
removed,  he  fails  to  realize  that  there  is 
nothing  to  prevent  the  return  of  the 
normal  functional  acti\ity.  He  makes  a 
feeble  effort  to  bend  the  joint,  finds  that 
it  gives  rise  to  pain  without  any  obvious 
movement  resulting,  and  gives  up  the 
attempt  in  despair,  reconciling  himself 
to  the  notion  that  the  joint  has  become 
fixed  as  a  result  of  the  operation,  and 
that  no  voluntary-  effort  that  he  can 
make  will  have  any  effect  upon  it.  A 
little  manipulation,  accompanied  by  a 
few  words  of  explanation,  could  at  this 
stage  dispel  the  idea  in  five  minutes, 
and  months  of  disability  would  be  saved. 

But  too  often  the  after-treatment  is  neglected,  or  the  patient  is  ordered  ma.ssage  and 
perhaps  diathermy  and  kataphoresis,  which  are  given  systematically  by  sjinpathetic 
nurses,  with  the  result  that  the  patient  becomes  more  convinced  than  ever  that  there 
is  something  seriously  the  matter,  and  that  he  will  only  get  well  with  prolonged  treat- 
ment, if  indeed  he  will  get  well  at  all. 

Hysterical  contracture  followiag:  an  operation,  cured  by  persuasion  in  five  minutes. 

Pte.  H.,  age  30,  had  the  internal  semilunar  cartilage  of  his  right  knee  removed  on  Feb.  12,  1918. 
We  were  asked  to  see  him  on  April  .5,  as  he  could  still  only  walk  with  the  aid  of  sticks,  and  was 
afraid  to  put  any  weight  on  his  leg,  his  knee  l^eing  kept  quite  stiff.  By  means  of  simple  persuasion, 
which  took  only  five  minutes,  he  was  able  to  walk  quite  normally,  no  limp  being  perceptible.  He 
walked  back  to  his  ward,  leaving  his  sticks  behind.  He  had  not  the  complete  range  of  flexion 
that  he  had  in  the  other  leg  ;  but  he  had  quite  enough  to  enable  him  to  walk  and  run  and  to  Ijecome 
once  more  an  efficient  soldier. 

In  cases  of  this  kind  the  posture  may  alter  from  time  to  time  if  the  splint  is  changed. 
Thus,  a  man  was  wounded  in  the  wrist,  and  his  hand  was  bandaged  with  the  fingers 
tightly    clenched.     Some    weeks    later   the    surgeon    found    that    the    hand    had   become 
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Fig.  506. — Hysterical  talipes  equinovarus  following  a  sprain, 
cure«l  in  iialf  an  hour  after  persist  intr  for  nine  montlis. 
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contracted  in  this  position.  Under  an  aniesthetic  the  fingers  wore  now  fixed  on  a  splint 
in  a  position  of  extreme  hyperextension.  Six  months  later  his  Imnd  was  still  rijj;idly  fixed 
in  the  new  position.  He  came  under  the  care  of  Captain  A.  Robin,  who  rapidly  cured  him 
by  psychotherapy.  As  the  posture  is  artificially  ])r()dueed  by  the  use  of  splints,  it  may 
sometimes  be  one  which  cannot  be  imitated  voluntarily  ;  but  it  is  none  the  less  hysterical, 
the  patient  having  been  trained  to  maintain  the  position  whilst  the  splint  was  in  position. 
In  all  these  conditions  the  development  of  the  hysterical  contracture  and  associated 
paralysis  is  due  to  the  fact  that  the  patient  fails  to  realize  that  there  is  no  reason  why  the 
spasm  should  not  relax  and  the  power  of  movement  return  when  the  primary  factor — 
nerve  injury,  protective  reflex,  conscious  or  subconscious  antalgic  spasm  and  inhibition 
of  movement,  localized  tetanus,  or  fixation  by  splints  or  bandages — is  no  longer  operative. 
The  patient  regards  the  contracture  and  inability  to  move  as  a  direct  result  of  his  injury, 
and  naturally  ignores  the  intermediate  cause,  such  as  the  pain  or  tetanus.  If  it  had  been 
pointed  out  to  him,  when  the  pain  was  disappearing,  that  his  incapacity  was  due  to  the 
pain  and  only  indirectly  to  the  injury,  and  that  there  was  therefore  no  longer  any  reason 
why  it  should  be  maintained,  he  would  have  made  the  necessary  effort,  and  the  hysterical 
condition  would  never  have  developed.  But  not  having  been  told  this,  and  perhaps  having 
been  ordered  treatment  with  massage  or  electricity  at  a  stage  when  such  treatment  could 
have  l>een  of  no  real  use,  as  recovery  from  any  organic  injury  which  may  have  been  present 

at  first  was  now  more  or  less  com- 
a'  b'  c'  0'  plete,  the  idea   of  incapacity   was 

confirmed  in  his  mind,  and  the 
original  autosuggestion  was  forti- 
fied by  the  unconscious  heterosug- 
gestion  of  the  doctor  and  the 
masseuse,  with  the  result  that  the 
contracture  and  jjaralysis  were  per- 
petuated as  hysterical  conditions 
after  the  primary  cause  had  dis- 
appeared. 

The  development  of  the  hy- 
sterical contracture  and  paralysis 
is  shown  in  Diagrams  I  to  JIJ,  the 
vertical  representing  the  degree  of 
spasm  and  paralysis,  and  the  hori- 
zontal the  time  elapsed  since  the 
onset. 
In  Diagram  I  the  incapacity  due  to  an  antalgic  protective  reflex  and  conscious  and 
subconscious     antalgic    immobility 

and    rigidity    is    at    first    complete  ioo%t^'  ^  c         o 

(AA').  It  continues  to  be  so  for  a 
certain  period,  and  then  at  the  time 
B  it  begins  rapidly  to  diminish, 
and  completely  disappears  when 
the  wound  is  healed  at  the  moment 
C.  Meanwhile,  however,  the  im- 
mobility and  spasm  may  persist 
owing  to  auto-  and  heterosugges- 
tion,  and  the  functional  condition 
may  show  no  improvement  at  the 
time  C,  when  CC'  represents  the 
incapacity,  which  is  now  entirely 
hysterical.  At  this  moment,  or  any 
subsequent  moment  such  as  D,  a 
cure  can  be  obtained  by  psychotherapy,  the  rapid  recoverj'  being  represented  by  the  line  DD'. 
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Diagram  /.—  Hysterical  contracture  following'  painful  wound.  (Tlie 
dotted  I'nes  in  this  ar^d  otlier  diagrams  represent  the  hysterical  in- 
capacity. 
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Dia/rram  II. — Hysterical  contracture  following  lo<"al  tetanu". 
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Time 
Diagram  ///.—Hysterical  contracture  following  application  of  splint. 


In  Diagram  II  the  condition  in  localized  tetanus  is  represented  in  the  same  way,  but 
here  the  j>eriod  AB  is  much   more 
prolonged.  _  a-  b'  d' 

In  Diagram  III  the  condition 
which  may  result  from  the  pro- 
longed use  of  a  splint  is  repre- 
sented :  but,  in  this  case,  the 
moment  it  is  removed,  all  the  non- 
hysterical  immobility  caused  by 
the  splint  of  course  disappjears,  this 
being  represented  by  the  vertical 
line  BB',  instead  of  by  the  sloping 
line  BC  of  Diagrams  I  and  II. 

From  what  has  been  said 
above,  it  is  clear  that  contractures 
are  always  associated  with  more  or 
less  paralysis  ;  but  the  reverse  is 
not    the    case,    as     uncomplicated 

hysterical  flaccid  paralysis  is  not  uncommon.  In  many  cases  the  paralysis  is  more  exten- 
sive than  the  contracture,  a  contracture  of  the  hand,  for  example,  being  sometimes 
accompanied  by  paralysis  of  the  whole  arm. 

ETIOLOGY. 

Hysterical  contractures  and  paralysis  may  result  from  injuries  to  the  soft  parts  of 
the  limb,  with  or  without  the  bones  and  joints  being  involved.  The  commonest  cause 
is  a  wound  of  the  hand,  foot,  forearm,  or  leg,  the  symptoms  generally  developing  below 
and  above  the  injury-  as  well  as  in  its  immediate  neighbourhood.  In  many  cases  no  nerve 
is  involved,  but  in  others  temporary  concussion  of  one  or  more  peripheral  nerves  or  of  the 
brachial  plexus  may  have  occurred,  or  they  may  have  received  some  actual  injurv'  of  a 
recoverable  nature.  The  severity  of  the  symptoms  does  not  van,-  with  the  degree  of 
infection  or  the  extent  of  the  injurj-,  which  is  often  trivial.  They  are  very  rarely  associ- 
ated with  severe  wounds,  but  we  have  seen  a  considerable  number  of  cases  in  which 
hysterical  contracture  and  paralysis  has  occurred  in  the  hand  after  one  finger  has  been 
amputated  (Figs.  507,  508),  and  less  frequently  in  the  foot  after  the  amputation  of  a  toe. 


Fig.  507. — Hysterical  contracture  of  hand 
persisting  for  nine  months  after  amputation  of 
second  finger.    (Capt.  A.  Robin.) 


Fig.  51)8. — Same  hand  as   Fig.    507,   cured   after 
half  an  hour's  psychotherapy. 


In  other  cases  a  severe  injury  to  one  finger  has  resulted  in  contracture  affecting  the  whole 
hand  {Figs.  509,  510).  We  have  observed  contractures  and  paralysis  of  exactly  the 
same  nature  in  the  absence  of  actual  wounds — as,  for  example,  in  fractures,  dislocations, 
sprains,  and  contusions.     In  a  few  cases  the  s\Tnptoms  have  followed  some  minor  opera- 
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tion,  such  as  for  a  ganglion  of  the  wrist,  varicose  veins  in  the  leg,  or  an  abscess  of  the  arm 
or  leg.  In  one  ease  it  followed  plating  a  fractvired  tibia  ;  three  cases  followed  superficial 
burns  :   two  followed  cellulitis  :   and  one  case  of  flaccid  paralysis  of  the  arm  followed  anti- 


Flii.  r>U9.-  Hysterical  contracture  followiiifc 
gunshot  wound  of  hand  with  shortening  of 
middle  metacarpal.    (Capt.  C.  H.  Ripman.) 


i"iu.   510.-"Same    hand    as    Fig.   509,   cured    in    five 
minutes  after  persisting  for  tJiirteen  months. 


smallpox  vaccination.  Several  cases  of  hysterical  contracture  and  paralysis  of  one  or 
both  legs  followed  trench  foot  ;  and  we  have  seen  seven  cases  in  which  the  hysterical 
contracture  appeared  to  be  the  sequel  of  localized  tetanus. 

Hysterical  monoplegria  of  seven  weeks'  duration  foUow^ing  vaccination,  cured  in  three- 
quarters  of  an  hour. 

Rfmn.  I).,  age  21,  was  admitted  on  Aug.  12  with  paralysis  of  the  left  arm.  He  states  that 
he  was  vaecinated  on  ^lay  30,  and  on  .June  28,  when  at  squad  drill,  he  found  that  his  left  arm  had 
suddenly  become  powerless.  The  limb  was  hanging  useless  by  his  side,  and  the  hand  and  lower 
four  inches  of  the  forearm  were  blue  and  cold,  the  palm  being  mottled  and  purple.  Persuasion 
for  a  quarter  of  an  hour  produced  movements  of  the  arm  ;  in  half  an  hour  the  colour  and  tempera- 
ture were  normal  ;  and  all  movements  of  the  limb,  including  the  fingers,  were  perfect  after  three- 
quarters  of  an  hour,  though  the  hand-grip  was  not  perfect  until  the  next  day.     (Capt.  G.  Mc(Jregor.) 

Hysterical  rigidity  of  knee  of  three  months'  duration  following:  superficial  cellulitis,  cured 
in  half  an  hour. 

Pte.  .S.,  on  Oct.  4,  1917,  developed  a  large  septic  sore  on  the  outer  side  of  his  right  knee,  which 
was  incised  a  week  later,  a  l>ack  splint  being  applied.  The  latter  was  removed  on  Nov.  7,  when 
the  knee  was  found  to  be  rigidly  extended.  On  Dec.  28  free  movements  were  obtained  under  an 
anaesthetic,  but  on  the  patient  coming  round,  the  knee  remained  fixed  as  stiffly  as  before.  There 
was  no  improvement  under  massage,  and  on  .Jan.  28,  1918,  he  was  sent  to  us  as  an  out-patient. 
Within  half  an  hour,  by  means  of  explanation,  manipidation,  and  persuasion,  30°  flexion  was 
obtained.  He  was  instructed  to  perform  exercises,  but  when  seen  again  on  Feb.  18  very  little- 
further  improvement  had  occurred.  Another  half-hour  of  similar  treatment  resulted  in  full 
flexion  being  obtained,  and  the  patient  was  discharged  a  few  days  later.     (Major  .J.  I/.  M.  Synnis.) 

Hysterical  '  main  d'accoucheur '  and  anaesthesia  following:  concussion  of  median  nerve  by 
g:unshot  wound  of  the  forearm,  cured  by  manipulation  and  persuasion  in  ten  minutes,  aftej 
persisting:  for  eigrht  months. 

Sergt.  M.  was  wounded  in  the  right  forearm  on  April  10,  T917,  a  compound  fracture  of  the 
middle  third  of  the  radius  being  produced.  When  the  splints  were  removed  three  weeks  later, 
his  hand  showed  a  typical  'main  d'accoucheur'  deformity,  the  fingers  being  rigidly  extended  and 
pressed  together.  Total  anaesthesia  was  present  in  the  area  suppHed  by  the  median  nerve.  .As 
no  improvement  had  occurred  by  November,  an  operation  was  performed,  and  the  tendons  and 
median  nerve  were  freed  from  adhesions.  This,  however,  aggravated  the  contracture,  so  he  was 
transferred  to  us  on  Dec.  21,  1917. 

Well-marked  vasomotor  disturbances,  excessive  sweating,  and  considerable  atrophy  of  the 
soft  tissues  and  nails  were  present.  On  the  day  of  admission  the  hand  was  continuously  but 
])ainlessly  manipulated,  the  patient  being  persuaded  at  the  same  time  that  it  would  rapidly  relax. 
In  ten  minutes  complete  relaxation  was  obtained  and  the  deformity  had  disappeared.  The 
fingers,  which  had  not  been  moved  voluntarily  for  eight  months,  could  now  move  normally,  but 
an  area  of  total  ana>sthesia  was  still  present.  The  ana>sthesia  was  doubtless  orij^inally  or<ranic 
in  origin,  but  as  it  now  extended  considerably  beyond  the  area  supplied  by  the  median  nerve,  we 
thought  that  it  must  be  hysterical.  Suggestion  with  the  aid  of  faradism,  for  a  few  minutes  on 
two  occasions,  resulted  in  its  complete  disappearance.     With  the  return  of  movement  the  vaso- 
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motor  and  secretory  disturbances  disappeared.  A  slight  degree  of  wasting  of  the  small  muscles 
of  the  hand  was  now  found  to  be  present,  but  otherwise  the  hand  was  normal  in  every  way.  The 
patient  was  kept  under  observation  for  three  weeks,  and  as  there  was  now  no  incapacity  he  returned 
to  duty. 

VARIETY     OF     POSTURES. 

In  most  cases  a  single  segment  of  a  limb  is  involved,  the  hand  and  foot  being  most 
frequently  concerned.  Verj-  often,  however,  the  whole  or  greater  part  of  the  limb  is 
affected,  but  in  such  cases  the  contracture  and  paralysis  is  most  severe  in  the  immediate 
neighbourhood  of  the  injury-,  although  in  rare  instances  the  whole  limb  is  completely 
paralyzed  and  rigid. 

Upper  Limb. — Hysterical  contracture  and  paralysis  of  the  hand  give  rise  to  three 
common  types  of  posture.  The  fingers  may  be  extended,  in  which  case  thev  are  generally 
also  adducted  towards  the 
middle  finger,  a  'main  d'accou- 
cheur'  resulting  (Figs.  511, 
.512,  513)  :  in  the  case  shown 
in  Fig.  514,  the  fingers  were 
alMlueted  as  well  as  extended. 
The  other  extreme  is  for  the 
fingers  to  be  tightly  clenched 
into  the  |)ahii  of  the  hand  ; 
all  the  fing<  In  ina\  be  involved 
(Figs.  503.  51 5j.  or  only  two 
or  three  {Fig.  516),  in  which 
case  one  finger  may  occupy 
an  intermediate  position  {Fig. 
517)  :  in  these  cases  the  skin 
often  becomes  sodden  with 
sweat,  owing  to  the  imjws- 
sibility  of  evaporation  and  the 
difficulty  in  washing ;  in  one  case,  in  which  the  position  had  been  maintained  for  two  and 
a  half  years,  the  nails  of  three  fingers  were  found  to  have  produced  a  depression  about  a 
quarter  of  an  inch  deep  into  the  palm  of  the  hand  {Figs.  518,  519).  In  the  third  variety, 
the  hand  takes  up  an  intermediate  position  very  similar  to  that  assumed  normally  at  rest. 


Hysterical  *  main  d'accouclieur '  follon-ini,'  wound  of  foi«ann. 
(Capt.  R.  G.  Gonloii.) 


yi<;.  ol-. — Same  hand  as  Fiy.  511,  ciirel  in  one  and  a  lialf  hours  after  lastinL.'  eighteen  montljs. 

In  the  extended  and  clenched  positions  the  paralysis  is  always  accompanied  by  more  or 
less  contracture  ;    the  intermediate  position  is  tliat  generally  a.ssumed  in  flaccid  paralysis 
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{Fig.  520),  but  it  may  also  be  associated  with  contracture  (see  Fig.  505),  though  this  is 
rarely  severe.      In  most  cases  all  the  fingers  are  affected,  but  sometimes,  especially  when 


Kl<i.  513. — Hysterii-al  "  main  d'awouolieur  "  foUowiiif;  wound  of  the  band,  cured  in  live 
minutes  after  persisting  for  ten  months.     (Capt.  A.  W,  Gill.J 

the  condition  has  followed  an  injury  of  the  hand  or  wrist,  only 

those  fingers  most  directly  involved  by  the  woimd  are  implicated, 

the   others    being  either   normal   or  only  comparatively  slightly 

involved.     Occasionally  the  fingers  are  in  a  position  of  extreme 

hyperextension,  which  may  be  so  marked  that  it   suggests  that 

the  condition  cannot  be  hysterical  in  origin  (Fig.  521).     In  most 

cases  of  this  sort,  however,  it  is  found  that  a  patient  has  always 

been  able  to  hyperextend  his  fingers,  and  a  similar,  though  rarely  so  well-marked,  hyper 

extension  can  be  produced  by  voluntary  action  in  the  other  hand. 


t'lo.  514. — Hysterical  oon- 
ti-acture  following  amputation 
of  index  finger,  cured  in  one 
liour  after  persisting  for  twelve 
months.    (Capt.  A.  Robin.) 


Fir.X.515. — Hysterical  contracture  of  fingers  following  wound  of  right  upper  arm,  cured  by  psychotherapy  in  one 
hour  after  persisting  for  sixteen  months.     (Capt.  A.  W.  Gill.) 
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When  the  wrist  is  involved,  it  is  commonly  in  an  intennediate  position  or  flexed  ; 
in  rare  cases  it  may  be  fixed 
even  to  the  extent  found  in  an 
organic  dropped  wrist  due  to 
complete  musculo-spiral  para- 
lysis {Fig  522).  Hyperexten- 
sion  of  the  wrist  is  uncom- 
mon. 

The  hand  is  very  fre- 
quently in  a  jjosition  midway 
between  supination  and  prona- 
tion. When  the  contracture  is 
incomplete,  it  is  almost  always 
possible  to  obtain  greater 
movement  in  the  direction  of 
pronation  than  supination, 
inability  to  supinate  the  hand 

COmoletelv      l)einff      verv     com-  ^'''-  ''^^- — Hysterit-al  •?ontracture  oi  three  nnirers  jiersistinsj  ior  nine  months 

"  •  f^  .  gft^r  wound  of  wrist,  cored  within  an  hour  by  psychotherapy. 

mon. 

When  the  elbow  is  involved,  it  i<  alm-.st  invariably  flexed,  but  I  have  seen  two  cases 


Fig.  517.— Hys- 
terical contractiu^s 
of  fingers  of  twenty 
months'  duration 
following  giuisbot 
wound  of  forearm, 
•nired  in  an  hour  by 
psychotherapy. 
(Capt.  S.  H.  Wilkin- 
son.) 


of  extreme  extension.  The  flexion  is  generally  such 
as  would  correspond  with  the  position  of  the  arm 
when  held  in  a  sling. 


Fig.  .'>1?.— Hysterical  contracture  of  liand  persistins  thirty-five -months 
after  wound  near  elbow.     (Capt.  C.  H.  Ripman.) 


Fig.  .319. — Same  hand  as  Fig.  518  after  half 
an  hour's  treatment,  showing  depressions  form©! 
in  palm  by  pressure  of  nails. 
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When  the  shoulder  is   affected,  the  arm    is  «ieneraliy  held   rigidly  to   the  side.      In 
incomplete  cases,  and  when  recovery  is  taking  place  spontaneously,  it  is  oltt-ii  found  tliat 


Fig.  520. — Hysterical  flaccid  paralysis  of  left  haiul  following'  wound  in  iicif-'libourliood  of  brachial  plexus,  cured 
in  an  hour  after  persisting  for  eleven  months.  Both  hands  of  the  patient  are  shown,  the  remainder  of  the  figure 
having  been  renioveil. 


FIO.  521.— Hysterical  contracture  of  left  fiand  with  hyperextension  of  finders  following  a  wound  of  forearm,  cured  in 
lialf  an  hour  after  persisting  for  seven  months. 

the  elbow  can  be  raised  to  the  level  of  the  shoulder,  but  it  is  impossible  to  raise  it  any 
further  (Figs.  523,  524,  525). 
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Lower  Limb. — In  rare  cases  the  toes  alone  are  affected.     One  patient,  who  had  been 
wounded  in  the  thigh,  developed  a  persistent  flexor  contracture  of   his  toes,  which    dis- 
appeared as  a  result  of  psychotherapy  after 
it  had  persisted  for  nine  months. 

In  the  commonest  variety  of  hysterical 
contracture  and  paralysis  invoking  the  leg. 
the  foot  is  extended  in  a  position  of  talipes 
equinus.  This  is  often  associated  with 
varus,  which  may  be  present  alone  (Fig. 
526).  In  some  cases  a  ver\'  extreme  degree 
of  talipes  equinovarus  is  present  (see  Fig. 
506).  These  conditions  may  be  due  to 
simple  flaccid  paralysis,  but  there  is  gener- 
ally some  degree  of  rigidity,  and 'in  many 
cases  the  contracture  is  so  extreme  that  not 
the  slightest  movements  can  l>e  obtained  in  m;. ->-:.•.— iiysterioai.iropi*a  wrisi  foUowinK  wound  of 

thp   ir»int«   h\-  r^rrUnnrx-   m^nnc  »ri.^t.  unproved  in  an  hour,  cure' I  in  three  days,  after  per- 

xne  jomts  n\  ornmar>   means.  ^isrim.-  for  t«pnrr-fnur  montii^. 


Fl<i.  .5i3. — Hysterical  con- 
rracture  of  shoulder  muscles 
tMllowiiiEr    wound    in    pectoral 


Flc.  52-1. — Same  case  as 
Fig.  523  with  partial  recovery 
as  the  result  of  a  quarter  of  an 
hour's  treatment,  after  persist- 
ing' for  eighteen  months. 


Fig.  52.5. — Same  case  as 
Fig.  523,  complete  recoverj- 
with  further  psychotherapy  on 
two  following  days. 
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Fig.  526. — Hysterical  talipes  varus  of  thirteen  months'  duration 
following  wound  of  ankle,  cured  in  a  few  minute?.  (Capt.  S.  H.  Wil- 
kinson.) 


Hysterical  rigrid  talipes  with  paraplegia,  tremor,  and  stammer  of  fourteen  months' 
duration,  cured  in  tvro  days. 

Serjjt.-Major  P.,  ajje  8'2,  was  blown  up  in  December,  1916,  and  remained  unconscious  for 
some  days.  He  was  paraplegic,  stammered  badly,  and  had  a  {jeneralized  tremor  when  admitted 
to  a  provincial  hosi)ital,  where  he  remained  for  three  months.  He  was  then  transferred  to  a 
hospital  in  London,  where  he  remained  for  nine  months.  He  was  treated  with  massage  and 
electricity,  but  very  little  improvement  occurred.     \  piece  of  bone  was  removed  from  the  foot  in 

October  in  order  to  correct  this  <le- 
forniity.  hut  no  improvement  resulted. 
.\t  Christmas,  1917,  he  was  sent  to  a 
convalescent  hospital,  from  which  he 
was  transferred  to  us  on  F'eb.  14,  1918. 
He  stammered  badly,  and  had  a  severe 
tremor  involvinji  both  legs,  which  in 
creased  with  every  voluntary  move- 
ment, so  that  he  was  unable  to  stand, 
and  could  only  walk  a  few  unsteady 
steps  with  the  aid  of  sticks,  when 
further  progress  was  prevented  by  the 
violence  of  the  tremor.  As  no  signs  of 
organic  disease  were  found,  I  told  him 
that  the  treatment  he  would  have  the 
following  day  would  cure  him,  and  the 
presence  in  his  ward  of  three  men  who 
had  recently  been  cured  of  paraplegia 
helped  to  convince  him  that  this  was 
true.  By  5  p.m.  the  next  day,  as  a 
result  of  persuasion  and  re-education, 
he  could  talk  slowly  without  any  stam- 
mer, and  he  walked  a  quarter  of  a  mile 
with  a  gait  which  was  normal  except  for 
a  limp  due  to  the  talipes  equinovarus. 
As  I  could  not  at  first  overcome  the  deformity  of  his  left  foot  {Fig.  .527)  by  manipulation,  I 
thought  it  might  be  due  to  some  organic  injury,  especially  as  an  operation  had  been  performed 
upon  it  after  a  radiographic  examination  in  London.  Moreover  it  was  colder  than  the  right  foot, 
and  was  always  wet  with  sweat,  whilst  the  right  foot  was  dry,  evidence  which  would  be  accepted 
by  Babinski  as  excluding  hysteria  and 
suggesting  a  reflex  origin.  More  vigor- 
ous manipulation,  however,  two  days 
later,  continued  for  an  hour  and  a 
half,  resulted  in  complete  disappear- 
ance of  the  deformity  (Fig.  528),  and 
the  patient  was  now  able  to  walk 
without  any  limp.  It  is  obvious, 
therefore,  that  the  talipes,  like  the 
paraplegia  and  stammer,  was  hys- 
terical in  origin. 

The  knee  is  frequently  invol- 
ved, extension  and  flexion  being 
about  equally  common.  Extreme 
flexion  is  rare,  but  rigid  fixation 
in  a  position  of  semiflexion  is  often 
seen.  Contractures  in  the  position 
of  extension  are  frequently  so  ex- 
treme that  not  the  slightest  move- 
ment can  be  obtained  actively  or 
j)a,ssively  imtil  relaxation  is  pro- 
duced by  vigorous  psychotherapy. 

Hysterical  sti£f  joint  following 
gunshot  wound  of  the  knee,  cured 
by  persuasion- 

Sergt.  W.,  age  23,  sustained  a  gunshot  wound  on  the  outer  side  of  his  left  knee  on  Jan.  l(i. 
1918,  which  penetrated  the  joint.  .At  the  ca.sualty  clearing  station  the  foreign  body  was  removed, 
the  joint  was  washed  out,  and  the  capsule  closed.     He  reached  a  hospital  in  Scotland  on  Jan.  .'Ml. 


Fig.  527. — Hysterical  talipes  ef|uirius  of  fourteen  montlis'  duration. 
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and  on  Feb.  20  he  was  allowed  to  get  up,  but  the  limb  was  still  in  a  splint,  and  he  had  to  use 

crutches.     Four  months  later,   according   to   his    documents,  adhesions   of  the   knee-joint   were 

broken  down  under  an  anjesthetic,  and  he  was  sent  to  a  Command  Depot.     He  was  admitted  to 

Scale  Hayne  Hospital  on  Aug.  20,  walking  with  the  aid  of  a  stick,  with  a  very  bad  limp  owing  to 

inability  to  bend  his  left   knee.     Except   for  the 

scar  of  the  incision  on  the  outer  side  of  the  joint, 

the  knee  appeared  normal,  but  he  could  only  flex 

it  to  about  120-.     The  stick  was  taken  away,  and 

with  persuasion  and  re-education  for  half  an  hour 

complete    flexion  was  obtained,   and   he    walked 

with  only   a  slight  limp.     The   next  day  he  was 

able  to  go  up  and  downstairs  and  walk  on  the  level 

without  a  limp.     (Capt.  G.  McGregor.) 

>Vhen  the  hip  is  involved,  the  limb  is 
generally  in  a  position  of  slight  flexion,  but 
rigid  extension  is  sometimes  seen.  Adduc- 
tion or  abduction,  and  eversion  or  inversion, 
may  be  present. 

Hysterical  flaccid  foot-drop,  ■with  inversion 
of  the  leg',  following:  a  gunshot  wound  of  the 
right  thigh  a  year  before ;  rapid  recovery  with 
persuasion. 

L.-Cpl.  F..  age  23,  was  wounded  by  shrapnel 
in  the  outer  side  of  the  thigh  on  May  11,  1917. 
A  counter-opening  was  made,  and  a  piece  of  metal 
removed.  He  began  to  get  about  on  crutches  in 
August,  1917,  but  always  with  his  foot  dropped 
and  his  leg  turned  inwards.  On  his  medical  case- 
sheet  a  specialist  reports  "  there  was  some  involve- 
ment of  the  right  sciatic  ner\-e."  He  was  trans- 
ferred to  us  on  May  11,  1918,  with  a  spring 
attached  to  his  boot  to  keep  his  foot  up,  and  he 
could  only  get  about  with  difficulty  with  the  aid 
of  sticks.  It  was  explained  to  him  that,  having  held  his  leg  so  long  turned  inwards  and  with* his 
foot  down,  he  had  forgotten  how  to  use  his  muscles.  With  simple  persuasion  and  very  little 
re-education  he  was  able  to  walk  quite  well.  At  the  end  of  four  days  he  was  put  on  horseman's 
work  and  physical  drill,  as  he  walked  quite  normally  except  for  a  slight  tendency  to  allow  his 
knee  to  turn  inwards.     With  this  exception  he  is  now  quite  fit.     (Capt.  S.  H.  Wilkinson.) 

Trunk. — A  wound  of  the  back  may  give  rise  to  an  hysterical  spinal  deformity. 

Hysterical  kyphosis,  associated  with  hysterical  cmrvature  in  a  horizontal  plane,  following: 
a  w^ound  of  the  hack. 

Pte.  B.  was  wounded  on  March  21,  1918.  On  admission  in  August,  he  had  a  superficial  scar, 
three  inches  long,  running  diagonally  across  his  back  opposite  the  third  dorsal  vertebra.  He 
showed  very  marked  kyphosis,  which  produced  two  deep  horizontal  folds  across  his  epigastrium, 
below  which  the  abdomen  was  round  and  prominent.  His  chest  was  also  hollow  from  side  to  side 
with  verj'  marked  prominence  of  the  points  of  his  shoulders.  He  breathed  very  badly,  with  no 
abdominal  movement,  and  very  little  expansion  of  the  lower  part  of  his  thorax.  He  looked  so 
pigeon-breasted,  that  the  deformity  was  considered  by  some  obser\-ers  to  be  organic  and  due  to 
adenoids,  though  he  himself  said  he  was  absolutely  straight  until  he  was  wounded.  Unlike  the 
majority  of  cases  of  hysterical  spinal  cur\ature,*  the  curvature  did  not  disappear  on  Ijing  down. 
But,  with  p>ersuasion,  his  body  was  gradually  straightened  out,  his  shoulders  being  pressed  back 
until  both  the  k\-phosis  and  the  side-to-side  cur\-ature,  together  with  the  hollowing  of  his  chest, 
had  disappeared.  After  prolonged  persuasion  he  was  able  to  move  freely,  and  the  depression 
of  his  epigastrium  and  the  prominence  of  his  abdomen  with  the  horizontal  furrows  across  his 
epigastrium  disappeared.  Three  weeks  later,  being  quite  fit,  he  was  sent  back  to  dutv. 
(Capt.  C.  H.  Ripman.) 

CHANGES     SECOIHDAHY     TO     DEFICIENT     CIRCULATION. 

The  normal  circulation  through  a  limb  depends  upon  its  active  movements,  the  afferent 
nerve  fibres  from  the  muscles  probably  gi\ing  rise  to  localized  reflex  vasodilatation.     If 


~^ame  foot  as  Fig.  5'27,  cured  after  (ne  and 
a  half  hours'  treatment. 


*  A.   F.  Hurst:  The  Bent  Back  of  Soldiers,  Smlt  Hayne  Neurological  Studies,   1919,  i,  tiO. 
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for  any  reason  the  arm  is  not  moved  in  cold  weatlier,  the  hand  becomes  shrivelled,  white 
or  blue.  numb,  painful,  and  stiff.  These  vvell-reeojjnized  changes  disappear  at  once  with 
active  exercise  and  on  warming  the  limb,  both  of  which  restore  the  circulation.  The 
tendency  to  disturbances  of  this  kind  is  much  greater  in  people  with  a  poor  circulation 
than  in  those  with  a  naturally  good  circulation.  The  former  class  know  by  experience 
that  they  must  keep  their  fingers  constantly  moving  in  cold  weather  in  order  to  avoid 
getting  niunb. 

It  is  thus  natural  for  the  immobility  caused  by  paralysis  or  contracture  of  a  limb, 
whether  organic  or  hysterical,  to  result  in  deficient  circulation  and  the  same  secondary 
changes.  As,  however,  the  paralysis  is  continuous,  whereas  the  physiological  inactivity 
referred  to  only  lasts  for  a  few  minutes  or  at  most  for  a  few  hours  at  a  time,  the 
secondary  results  are  likely  to  become  much  more  profound,  especially  in  individuals 
with  a  poor  circulation.  The  deficient  circulation  is  generally  congenital,  but  in  soldiers 
it  is  often  acquired  or  aggravated  as  a  result  of  exposure.  Thus,  in  all  cases  in  which 
circulatory  complications  are  severe,  the  circulation  in  the  normal  hand  is  also  feeble.  The 
limb,  especially  its  peripheral  part,  becomes  cold  and  white  or  blue,  and  the  diminished 
blood-supply  results  in  a  diminution  in  the  volume  of  the  hand,  excejit  in  the  cases  in 
which  oedema  develops.  Pressure  on  the  skin  with  a  finger  is  followed  by  a  very  slow 
return  of  blood  to  the  part  rendered  anaemic. 


Fk;.  o'J'j. 


-Hysterical  contracture  of  rit:ht  hand  of  fourteen  months'  duration,  assoc-iated  with  severe  u'dema, 
cured  in  two  liours.    (Capt.  A.  W.  Gill.) 


When  the  venous  and  lymphatic  stasis  is  ver\'  marked,  and  the  paralysis  absolutely 
complete,  oedema  may  occur,  especially  if  the  paralysis  is  accompanied  by  contracture 
in  a  position  in  which  the  veins  and  lymphatics  are  obstructed  by  the  rigid  muscles.  The 
(jedema  is  sometimes  very  considerable,  and  may  give  rise  to  the  impression  that  there 
has  been  some  injurj'  of  the  blood-vessels  {Fig.  529).  This,  however,  is  not  the  case,  for 
with  the  return  of  voluntary  movement  the  oedema  disappears  in  the  course  of  afew 
days  as  the  circulation  becomes  once  again  normal. 

The   deficient  circulation   results   in  changes   in   the   physiological  properties  of  the 
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paralyzed  muscles,  even  if  the  paralysis  is  entirely  hysterical.  Babinski  and  Fronient 
have  shown  that  in  these  conditions  the  muscles  respond  with  abnoniial  slowness  to 
galvanic  stimulation.  They  proved  that  this  is  not  due  to  permanent  changes  in  the 
muscles,  by  demonsti-ating  that  the  response  returns  to  normal  when  the  limb  is  warmed : 
and  we  have  observed  that  this  also  occurs  directly  recovery'  takes  place  as  a  result  of 
psychotherapy,  when  the  restoration  of  active  movements  gives  rise  to  improvement  in 
the  circulation.  Babinski  and  Froment  also  found  that  the  muscles,  and  sometimes  the 
nerves,  are  abnonnally  irritable  to  mechanical  stimulation,  the  response  being  unusually 
|)rolonged :  in  some  cases  these  signs  are  only  ob\ious  when  muscular  relaxation  has  been 
produced  by  a  general  anaesthetic.  Babinski  and  Froment  observed  that  when  the  leg  is 
involved,  the  ankle-jerk  may  disappear  or  be  weaker  than  on  the  normal  side,  returning  to 
normal  on  warming.  This  phenomenon  is  clearly  due  to  changes  in  the  muscles,  analagous 
to  those  which  give  rise  to  the  abnormal  reactions  to  electrical  and  mechanical  stimulation. 
The  other  deep  reflexes  are  often  increased,  this  being  most  obvious  when  the  contracture  is 
partially  overcome  under  light  anaesthesia  ;  the  changes  are  probably  due  to  the  increased 
tonicity  of  the  muscles,  which  persists  until  ansesthesia  is  ver>'  profound. 

More  or  less  stiffness  of  the  joints  is  generally  present  in  cases  of  long  standing,  even 
in  the  absence  of  any  muscular  spasm.  This  may  be  so  extreme  that  not  the  slightest 
movement  is  possible.  It  is  most  obvious  in  the  joints  of  the  hand,  particularly  at  the 
metacarpophalangeal  articulations.  It  has  often  been  regarded  as  due  to  some  organic 
change,  as  it  is  very  well  seen  in  cases  of  organic  paralysis  following  injuries  to  peripheral 
nerves.  In  such  cases,  so-called  adhesions  are  often  broken  down  under  an  anaesthetic,^ 
actual  tearing  being  heard,  and  this  is  often  followed  by  effusion  round  the  joint.  This 
has  not  unnaturally  been  regarded  as  evidence  of  organic  change  :  but  in  all  hysterical 
cases,  and,  I  believe,  in  cases  of  organic  paralysis,  the  stiffness  is  not  really  due  to  any 
permanent  organic  alteration  in  the  tissues.  A  considerable  amount  of  relaxation  occurs 
when  the  circulation  is  improved  by  immersion  in  hot  water,  and  particularly  by  such 
means  as  radiant  heat  and  whirlpool  baths.  In  hysterical  cases,  even  of  many  months" 
duration,  directly  the  patient  has  been  taught  to  contract  his  muscles  and  to  relax  any 
spasm  which  is  present,  the  return  of  movement  so  improves  the  circulation,  that  often 
in  the  course  of  a  few  minutes  the  condition  of  the  joints  and  surrounding  tissues  returns 
to  normal.  As  the  condition  of  the  joints  is  exactly  similar  to  what  is  seen  in  organic 
paralysis,  I  feel  sure  that  in  the  latter  case  also  the  condition  is  secondarv-  to  the  deficient 
circulation  ;  and  if  instantaneous  recovery  from  the  paralysis  were  possible,  the  joints 
would  return  to  their  normal  condition  without  any  manipulation  or  breaking  down  of 
adhesions  being  required.  As  the  stiffness  is  due  to  circulatory  disturbances,  and  not  to 
any  muscular  spasm,  whether  hysterical  in  origin  or  not,  it  naturally  persists  under  an 
anaesthetic  ;  and  when  the  joint  is  forcibly  moved,  the  surrounding  structures  which  are 
torn  are  not  abnormal  fibrous  tissue,  but  simply  the  normal  periarticular  tissue,  which  is 
temporarily  in  an  abnormal  condition  owing  to  the  deficient  circulation.  The  injury  to 
the  normal  tissues  naturally  results  in  effusion.  This  is  a  point  of  the  greatest  importance, 
as  it  follows  that  the  apparent  tearing  down  of  adhesions  and  production  of  inflammatory 
reaction  does  not  necessarily  mean  that  the  condition  is  organic.  WTien  gas  is  used,  or 
some  other  anaesthetic  under  which  muscular  relaxation  is  incomplete,  any  hysterical 
contracture  which  is  present  may  also  help  to  prevent  free  movement  of  the  joint,  as  such 
a  contracture,  being  quite  independent  of  consciousness,  only  disappears  under  deep 
anaesthesia.  Violent  movements  with  incomplete  anaesthesia  may  thus  result  in  tearing 
of  contracted  but  otherwise  normal  muscle  fibres  as  well  as  of  normal  fibrous  tissue. 

By  accurate  measurement  with  a  sphygmomanometer,  Babinski  and  Froment  found 
that  the  amplitude  of  the  pulsation  of  the  arteries  in  the  affected  limb  is  greatly  diminished 
compared  with  that  on  the  normal  side.  They  found  that  this  inequality  disappears  on 
warming,  and  Roussy  and  his  colleagues,  using  exactly  the  same  methods,  noted  its  dis- 
appearance when  the  paralysis  and  contracture  are  cured  by  psychotherapy,  proving  that 
it  is  simply  a  result  of  the  deficient  activity  of  the  limb. 

Babinski  and  Froment  found  that  the  plantar  reflex  on  the  affected  leg  disappears. 
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but  reappears  on  warming  the   foot.     They  also  describe  some  indefinite   anaesthesia  in 
the  peripheral  part  of  the  limb,  and  the  patient  may  comi)lain  of  a  varying  degree  of  pain. 

These  i)henomena  are  additional  results  of  the  deficient 
circulation,  being  of  exactly  the  same  nature  as  the  numb- 
ness, pain,  and  loss  of  plantar  reflex  observed  in  normal 
people,  especially  those  with  a  poor  circulation,  if  the 
limb  is  cold  or  'goes  dead'  in  cold  weather.  Only  if  the 
anaesthesia  is  perpetuated  by  auto-  or  heterosuggestion 
after  the  return  of  the  circulation  on  warming  or  on 
recovery  with  psychotherapy,  does  it  become  hysterical. 
If  a  nerve  was  damaged  at  the  time  the  injury  was  in- 
flicted, genuine  organic  anaesthesia  may  be  present  at  first. 
This  disappears  with  more  or  less  rapidity,  according  to 
the  severity  of  the  injury  ;  but,  like  the  anaesthesia  due  to 
the  coldness,  it  may  be  perpetuated  by  autosuggestion, 
and  sometimes  by  heterosuggestion,  if  too  frequent  ex- 
aminations are  made  by  the  medical  attendant.  We  have 
shown  that  anaesthesia  of  this  kind  may  eventually  be 
purely  hysterical,  and  curable  instantaneously  by  psycho- 
therapy, although  its  extent  corresponds  exactly  with  the 
cutaneous  distribution  of  the  injured  nerve,  and  although 
it  had  led  to  burns  or  other  injuries  which  had  not  been 
felt  (Fig.  530).* 


Fig.  530. — Hysterical  anicstliesia 
ill  ine<liaii  nerve  dLstribution,  with  uri- 
felt  accidental  burn,  cured  by  sugges- 
tion in  less  than  one  minute,  ten 
months  after  injurv  to  median  ner\-e. 
iCapt.  A.  Robin.) 


Hysterical  anaesthesia  of  the  median  nerve,  resulting' 
in  accidental  burn,  cured  by  sugrerestion  in  a  minute  after 
persisting-  five  months. 


Pte.  F.,  age  36,  received  a  penetrating  wound  of  the  right 
arm  on  Oct.  4,  1918,  following  which  he  had  loss  of  nuiscular 
power  of  the  hand,  and  anaesthesia  of  the  area  of  skin  supplied  by  the  median  nerve.     The  wound 

was  excised  at  the  casualty  clearing  station.  He  was 
admitted  to  Scale  Hayne  Hospital  on  Feb.  20,  1919, 
with  an  hysterical  contracture  of  the  fingers,  the  fore- 
finger being  rigidly  extended,  and  the  hand  being  blue 
and  cold.  He  had  median  nerve  anaesthesia,  and  on 
the  outer  side  of  the  second  finger  was  an  ulcerated 
area  about  the  size  of  a  shilling  {Fig.  530),  which  he 
stated  was  caused  by  his  trying  to  hold  a  lighted 
match  a  few  days  previously.     The  contracture  was 


Flc;.  531.  -Tracintr  of  hand  (dotte<l)  with  hysterical 
contracture  following  wound  of  upper  arm  which  had  been 
)'re:!ent  for  sixteen  montlLS,  superimposed  on  reversed 
tracing  (continuoas)  of  the  other  hand,  showing  atrophy  of 
soft  parts.    (Capt.  A.  W.  Gill.) 


Fig.  532. — Atrophy  of  index  finger  of  left  hand,  com- 
pared with  normal  finger  of  right  hand,  resulting  from 
hysterical  contracture  of  fingers  of  eighteen  months' 
duration,  drawn  after  recovery  from  the  contracture. 


A.  F.  HcRST  and  S.  IT.  Wilkinson  :    Hysterical  Anaesthesia,  Seale  Hayne  Neurological  Studies,  I,  No.  4,  1919. 
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cured  by  re-education  and  persuasion,  and  the  next  day  the  anaesthesia  disappeared  abnost  com- 
pleteh'  "within  a  minute  as  a  result  of  suggestion  by  means  of  faradism.  With  the  restoration  of 
the  circulation  and  disappearance  of  anaesthesia  the  ulcer  rapidly  healed. 

In  addition  to  these  changes,  which  also  occur  with  tempK)rary  disuse,  the  long- 
continued  deficient  circulation  in  actual  paralysis  leads  to  malnutrition.  Atrophy  of  the 
subcutaneous  tissue  occurs,  with  the  result  that  the  volume  of  the  limb,  particularly  the 
tips  of  the  fingers,  greatly  diminishes,  and  the  increased  blood-supply  which  occurs  on 
warming  the  hand  and  on  recovery  from  the  paralysis  only  produces  a  comparatively 
slight  increase  in  size,  most  of  the  loss  of  volume  being  due  to  actual  atrophy.  This  is 
well  shown  in  Fig.  531.  which  represents  the  tracing  of  a  hand  which  had  been  hysterically 
paralyzed  for  many  months,  superimposed  up>on  the  reversed  tracing  of  the  corresponding 
normal  hand  ;  and  Fig.  53*J,  which  represents  the  first  finger  of  a  paralyzed  hand  com- 
pared \  ith  that  of  the  sound  hand.     The  normal  lines  on  the  hands,  especially  the  trans- 


FlG.  533. — Skiagram  of  right  and  left  hand,  showing  increased  transparency  of  the  bones  of  the  right  fourth  and 
fifth  fins.'ers,  and  to  a  less  extent  the  third  finger,  taken  after  recovery  from  a  contracture  involving  the  fourth  and  fifth 
fingers,  with  partial  contracture  of.  the  middle  finger,  which  had  persisted  for  twenty  months  after  wound  of  hand. 
The  little  and  ring  fingers  also  show  atrophy  of  soft  parts.    (Major  J.  F.  Venables.) 


verse  lines  on  the  dorsal  aspects  of  the  joints  of  the  fingers,  become  less  marked  and  may 
even  disappear.  Owing  to  the  diminished  bulk  of  the  fingers,  the  skin  becomes  too  large 
for  its  contents  and  is  thrown  into  longitudinal  folds,  esf>ecially  over  their  palmar  aspect. 
The  muscles  atrophy  for  the  same  reason,  and  also  as  a  result  of  simple  disuse,  as  their 
normal  metabolism  depends  upon  their  activity.  It  is  well-known  that  the  corresponding 
anterior  cornu  cells  of  the  spinal  cord  atrophy  from  disuse  after  a  limb  has  been  ampu- 
tated. It  is  exceedingly  probable  that  this  would  also  occur  in  hysterical  paralysis,  as 
the  disuse  may  be  just  as  complete.     If  post-mortem  evidence  of  this  were  forthcoming. 
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it  would  be  an   interesting  confirmation  of  the  far-reaching  secondary  organic  changes 
which  may  follow  disuse,  even  if  this  is  purely  functional  as  in  hysteria. 

The  .»■  rays  show  abnormal  transparency  of  the  bones,  which  is  apparently  due  partly 
to  deficient  calcification  and  partly  to  absorption  of  the  bony  tissue,  but  we  have 
never  observed  any  definite  alteration  in  their  outline  {Fig.  533).  Although  the  joints 
occasionally  appear  to  be  enlarged,  the  x  rays  show  no  change  in  the  articular  surface  : 
this  corresponds  with  the  fact,  pointed  out  long  ago  by  Paget,  that  hysterical  disorders 
of  joints  never  give  rise  to  any  anatomical  change  as  the  result  of  pressure  exerted  on 
abnormal  surfaces,  however  long  the  condition  may  persist.  The  enlargement  of  the 
joint  may  be  due  i)artly  to  (edema  from  deficient  circulation,  but  is  more  often  simply 
apparent,  and  due  to  the  atrophy  of  the  soft  parts  round  the  shafts  of  the  bones.  Lastly, 
the  nails  become  thin,  brittle,  abnormally  oi)a(]ue,  and  often  show  longitudinal  grooves 
(Fig.  534). 

Babinski  and  Froment  rightly  pointed  out  that  the  phenomena  just  described  as 
accompanying  functional  paralyses  and  contractures  caused  by  minor  injuries  to  limbs, 
were  not  hysterical,  because  they  were  not  due  to  suggestion,  and  were  indeed  incapable 

of  being  suggested,  and  because  they  could  not  be  re- 
moved by  direct  psychotherapy.  Unfortunately  Babinski 
and  Froment  went  further,  and  concluded  that  the 
])aralyses  and  contractures  which  were  associated  with 
these  non-hysterical  phenomena  were  therefore  also  non- 
hysterical,  but  must  be  due  to  the  same  cause  which 
gave  rise  to  the  latter.  Although  they  are  still  uncer- 
tain as  to  their  origin,  they  thought  that  the  most 
likely  explanation  was  that  both  the  paralysis  and 
contracture  and  the  associated  phenomena  were  reflex  in 
origin,  and  corresponded  with  the  atrophy  and  contrac- 
ture in  the  neighbourhood  of  diseased  joints,  which 
„an/^^'^^xT^L'^aft"er"s^den         Vulpian  and  Charcot  long  ago  described  as  being  due  to 

recovery  with  psjchotherapy  from  hys-  rcflcX    action. 

terical  paralysis  which  liad  lasted  for  ,,,  ,  .  ,.,..,.  ,  .. 

over  a  year.   (Capt.  A.  W.Gill.)  We  are,  liowcvcr,  Convinced  that  this  explanation  is 

incorrect,  and  that  the  paralysis  and  contracture  are 
hysterical,  and  the  associated  phenomena  are  simply  secondary  to  disuse.  Cases  of 
contracture  in  which  all  the  signs  described  by  Babinski  and  Froment  were  present 
have  occurred  in  the  absence  of  any  wound,  so  that  a  reflex  origin  was  excluded, 
their  hysterical  nature  being  subsequently  proved  by  the  cure  which  followed  psycho- 
therapy. Babinski  and  Froment  had  found  considerable  difficulty  in  curing  paralyses 
and  contractures  of  this  nature  by  psychotherapy,  which  confirmed  their  opinion 
that  they  could  not  be  hysterical.  But  our  experience  has  been  more  fortunate,  and  we 
have  not  seen  a  single  case  in  which  psychotherapy  failed  to  produce  complete  recovery. 
The  accompanying  table  shows  the  results  obtained  in  100  consecutive  cases  treated  at 
Scale  Hayne  Hospital,  the  majority,  if  not  all,  of  which  would  have  been  diagnosed  by 
Babinski  and  Froment  as  reflex  nervous  disorders.  We  have  had  cases  precisely  similar 
to  every  one  of  those  of  which  photographs  are  reproduced  in  their  book  ;  the  paralyses 
and  contractures  exactly  fulfil  the  requirements  necessary  for  a  diagnosis  of  hysteria, 
being  produced  by  suggestion  and  being  curable  by  psychotherapy.  The  associated 
phenomena  do  not  fulfil  these  requirements,  and  are  therefore  not  hysterical  ;  but  they 
are  none  the  less  the  direct  result  of  the  hysterical  symjrtoms,  for  when  the  jiaralysis  and 
contracture  disappear  with  psychotherapy,  they  disappear  with  them.  The  return  of 
movement  is  always  accompanied  by  an  improvement  in  the  circulation,  and  the  limb 
regains  its  normal  colour  and  warmth.  The  electrical  reactions  and  reflexes  become 
normal  at  once,  and  the  numbness  and  stiffness  of  the  joints,  however  closely  the  latter 
may  have  simulated  an  organic  condition,  completely  disappear.  The  only  abnormal 
phenomena  which  are  still  present  in  the  limb  are  the  tendency  to  revert  when  at  rest  to 
the  abnormal  position,  which  I  shall  presently  explain  as  a  result  of  postural  tone,  and  the 
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persistence  of  the  trophic  changes,  which  naturally  require  a  considerable  time  to 
disappear  completely.  As  soon  as  the  limb  is  used  as  much  as  it  was  formerly — which 
should  occur  immediately  the  first  treatment  is  concluded — and  the  circulation  is  conse- 
quently restored,  the  supply  of  nourishment  becomes  normal  again,  and  at  the  same 
time  the  active  contractions  of  the  muscles  stimulate  their  metabolism  so  that  they, 
together  with  the  soft  parts,  the  bones,  and  the  nails,  gradually  return  to  their  original 
condition. 

Statistics  of  100  Consecutive  Cases  of  Hysterical  Coxtbactcres  and  Paralysis 
FOLLOWING  Minor  Wounds  and  Injuries. 


Total 


Limb — 
Arm 


24 


30 
24 


54 
40 


ARM 

Leg 

II.  Xature  of  Injury — 

Gunshot  wound 

„                „       with  fracture 
„                „       with  amputation 
.,               „       and  tetanus 

Fractures  (without  gi'nshot  wound) 

Amputations  (without  gunshot   wound) 

Contusions 

Dislocations 

Sprains 

Following  operation 

„            vaccinatioir,  bum,  cellulitis 

Trench  feet 

23 

IG 

4 

1 
3 
1 
2 
1 

2 
'      1 

20 

1 

1 

2 

1 

10 

2 

2 

1 

Total  (100) 

54 

40 

III.  .4  verage  Period  of  Treatment  before  Admission,  1 1  months. 

IV.  DurcUion  of  Treatment. — a.  Number  cured  at  one  sitting,  90.     Average 

time  required,  54  minutes,     b.  Duration  of  treatment  in  other  cases, 
4  weeks,  8  weeks  (2),  and  4  days. 

Fig.  534  shows  very  strikingly  the  change  in  the  nutrition  of  the  nail  which  follows 
recover^-.  The  drawing  was  made  about  six  weeks  after  the  patient  had  been  cured  by 
psychotherapy  from  hysterical  paralysis  which  had  lasted  for  over  a  year.  The  new  nail 
which  had  grown  since  the  cure  of  the  paralysis  was  in  ever\-  way  normal  ;  the  distal  part 
of  the  nail,  which  is  seen  in  the  picture  to  be  white,  rough,  and  thin,  in  sharp  contrast  to 
the  pink,  smooth,  and  thicker  proximal  portion,  is  all  that  was  left  of  the  nail  which 
was  present  before  recovery  took  place.  Three  weeks  later  the  last  trace  of  the  abnormal 
nail  had  been  replaced  by  healthy  nail. 

The  striking  fact  that  the  trophic  changes  are  most  ob\ious  in  winter,  when  the 
circulation  is  most  feeble,  and  in  indi\iduals  who  have  always  had  a  poor  circulation,  is 
only  what  would  be  expected  if  our  explanation  of  the  secondary  nature  of  these  pheno- 
mena is  correct  ;    it  would  be  inexplicable  if  the  reflex  theory  were  accepted. 

The  excessive  sweating  which  often  occurs  in  these  cases  is  less  easy  to  explain.  It 
may  in  part  be  a  direct  result  of  the  cutaneous  asphyxia  when  the  circulation  is  unusually 
feeble.  In  cases  of  contracture  in  which  the  hand  is  tightly  flexed,  it  is  in  part  due  to 
the  air  in  contact  with  the  palm  being  kept  warmer  than  that  in  contact  with  the  palm 
of  the  normal  hand,  and  to  the  diminished  evaporation  which  occurs  in  the  enclosed  space 
formed  by  the  clenched  hand.  We  have,  however,  observed  in  several  cases,  when 
recovery  is  incomplete  and  great  efforts  are  being  made  by  the  patient  to  open  and  close 
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the  hand,  that  the  actual  secretion  of  sweat  continues  to  be  very  excessive.  In  sucli 
cases  it  is  possible  that  the  intense  nerve  impulses  sent  down  from  the  brain  to  the  eentres 
in  the  spinal  eord  spread  from  the  motor  nerve-cells  to  the  neighbourinf;  sympathetic 
nerve-cells  which  control  the  secretion  of  sweat.  This  would  explain  the  fact  that  the 
sweating  may  occur,  though  to  a  less  extent,  in  the  normal  hand. 

POSTURAL   LENGTH   AND  POSTURAL  TONE. 

When  hysterical  paralysis,  with  or  without  contracture,  has  persisted  for  some  months 
and  psychotherapy  leads  to  rapid  recovery,  it  is  often  observed  that,  although  the  patient 
is  able  to  perform  every  movement  in  a  perfectly  normal  way  at  the  end  perhaps  of  an 
hour,  he  tends  to  maintain  the  abnormal  posture,  which  was  caused  by  the  paralysis  and 
contracture,  directly  his  attention  is  withdrawn  from  the  affected  limb.  A  man,  who  as 
the  result  of  a  wound  in  the  upper  arm  has  developed  hysterical  monoplegia  with  contrac- 
tures, resulting  in  the  limb  being  carried  with  the  elbow  flexed  and  the  fingers  rigidly 
extended  and  crowded  together  in  the  form  described  as  'main  d'accoucheur, "  may  recover 
every  movement  of  his  elbow,  wrist,  and  fingers  in  a  few  minutes,  and  at  the  same  time 
every  trace  of  rigidity  may  disappear,  but  he  will  probably  walk  away  from  his  treatment 
with  his  elbow  flexed  and  his  fingers  still  bunched  together.  Only  if  he  constantly  thinks 
of  keeping  his  limb  in  the  normal  position,  does  the  latter  gradually  become  adopted  even 
when  no  attention  is  giv'en  to  it. 

The  abnormal  postures  produced  by  hysterical  contractures  persist  after  consciousness 
is  lost  when  an  anaesthetic  is  given  ;  this  is  in  part  due  to  the  phenomenon  observed  by 
Babinski  and  Froment,  that  the  contractures,  which  they  regard  as  reflex  in  origin,  are 
maintained  until  an  advanced  stage  of  anaesthesia  is  reached.  But  even  after  the  muscular 
spasm  upon  which  the  contracture  depends  has  completely  disappeared,  the  abnormal 
fMjsture  remains,  however  deep  the  anaesthesia  may  be,  so  that  it  is  clear  that  some  other 
factor  besides  the  muscular  spasm  must  be  present.  Babinski  and  Froment,  in  common 
with  Scott  and  most  other  observers,  assumed  that  this  was  fibro-tendinous  or  fibro- 
muscular  retraction  ;  but  the  complete  return  to  normal  with  re-education  without  any 
physio-therapy  proves  that  this  view  must  be  incorrect. 

Another  striking  fact  about  these  conditions  is  the  maintenance  of  the  abnormal 
posture  of  the  arm  or  leg  during  sleep.  On  the  few  occasions  on  which  I  have  been  able 
to  investigate  the  question,  I  have  found  that  hysterical  contractures  disappear  during 
sleep,  but  in  spite  of  this  the  abnormal  posture  is  maintained,  so  that  it  is  only  by  actually 
manipulating  the  limb  that  the  absence  of  the  spasm  of  the  affected  muscles  can  be 
demonstrated.  The  experiments  of  Ballet,  which  he  believed  proved  that  hysterical 
contractures  persist  in  sleep,  really  only  proved  that  the  abnormal  posture  persists.  They 
consisted  in  fixing  a  paper  band  to  the  affected  foot  in  such  a  way  that  any  movement 
would  tear  it  ;  as  it  was  not  torn  during  the  night,  he  concluded  that  the  contracture 
had  not  relaxed.  It  is,  however,  much  more  probable  that  relaxation  did  occur,  but  the 
abnormal  posture  of  the  foot  persisted,  and  no  movement  took  place  when  the  spasm 
disappeared. 

After  the  hysterical  contracture  and  paralysis  have  been  cured,  the  abnormal  posture 
is  not  only  maintained  during  consciousness,  but  it  also  persists  for  a  time  during  sleep 
and  during  anaesthesia. 

From  the  above  facts  it  is  clear  that  some  element  is  present  which  does  not  depenrl 
upon  consciousness,  but  which  has  the  effect  of  maintaining  the  abnormal  posture  during 
sleep  and  anaesthesia  both  before  and  after  recovery  from  hysterical  paralysis  and 
contracture.  It  is  obvious  that  this  factor  has  nothing  to  do  with  hysteria,  as  it  is 
independent  of  consciousness,  and  is  neither  produced  by  suggestion  nor  cured  by 
psychotherapy. 

I  believe  that  the  explanation  can  be  found  in  what  Sherrington  has  described  as 
postural  length  and  postural  tone.  I'nder  normal  conditions  the  position  of  a  limb  at 
rest  is  maintained  as  a  result  of  the  tone  of  its  muscles,  the  exact  position  depending  upon 
the  relative  tone  of  the  extensors  and  flexors.     The  fingers,  for  example,  are  normally 
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slightly  flexed,  and  remain  so  not  only  during  the  waking  state,  but  also  during  sleep  and 
during  anaesthesia.  E^ch  indi\idual  muscle  fibre  has  a  certain  degree  of  tone  when  at 
rest  ;  and  as  for  the  greater  part  of  ever>-  twenty-four  hours  it  is  at  rest,  its  anatomical 
structure  adapts  itself  to  this  tone  ;  but  it  is  capable  of  becoming  shorter  as  a  result  of 
active  contraction,  and  longer  as  a  result  of  active  relaxation. 

If,  for  example,  the  line  AB  in  Diagram  IV  represents  the  length  of  a  muscle  fibre  in 
the  condition  of  extreme  relaxation,  and  AC  its  length  in  extreme  contraction,  its  normal 
'postural  length,"  which  dejjends  upon  its  '  postural  tone,'  will  be  AD.  It  is  capable  of 
shortening  from  AD  to  AC  on  active  contraction,  or  lengthening  from  AD  to  AB  on  active 
relaxation.     If  as  the  result  of  continued  contraction  of  the  muscle — whether  this  is  due 


Diagram  IV. 
A  c  E  8 

t ^ ! I 

Diagram  I'. 

to  hysterical  contracture,  organic  disease,  or  tetanus — its  postural  length,  which  is 
represented  by  AE  in  Diagram  V,  is  kept  constantly  shorter  than  that  due  to  the  normal 
postural  tone,  the  structure  of  the  fibre  will  adapt  itself  to  this  length.  Consequently, 
when  recovery  takes  place,  although  the  fibre  is  now  capable  of  full  contraction  to  the 
length  AC  and  fiill  relaxation  to  the  length  AB,  yet  it  will  tend  to  return  when  at  rest, 
both  during  consciousness  and  during  sleep  and  anaesthesia,  to  the  abnormally  short 
length  AE.  When  as  a  result  of  an  effort  of  will  the  limb  is  kept  in  a  normal  position  for 
most  of  the  day,  the  structure  of  the  individual  muscle  fibres  gradually  returns  to  normal, 
and  the  normal  postural  tone  is  regained. 

If  this  explanation  is  accepted,  Jt  is  clear  that  in  addition  to  the  treatment  of  the 
actual  paralysis  and  contracture  in  hysterical  conditions,  the  patient  must  be  taught  to 
keep  his  hmb  in  a  natural  position  when  he  is  not  actually  using  it,  and  this  Qan  best  be 
done  by  exercises  in  front  of  a  looking-glass.  Our  observations  show  that  the  tone  of 
a  muscle  adapts  itself  to  new  postures  ver\'  rapidly,  and  in  favourable  cases  a  limb  which 
has  been  in  an  abnormal  position  for  a  year  or  more  returns  to  the  natural  one  in  the  course 
of  a  few  days. 

The  conception  of  postural  length  and  i)ostural  tone  of  muscle  has  also  considerable 
importance  in  the  treatment  of  organic  nerve  injuries.  A  fundamental  orthopaedic 
principle  is  the  prevention  of  the  stretching  of  paralyzed  muscles,  the  tendency  until  quite 
recently  being  to  keep  them  in  a  condition  of  extreme  relaxation.  Experience  has,  how- 
ever, shown  that  better  results  are  obtained  with  a  less  degree  of  relaxation  ;  in  cases  of 
dropped  wrist  due  to  musculospiral  paralysis,  for  example,  the  hand  was  formerly  kept 
in  a  position  of  extreme  h>-perextension  :  but  recently  it  has  been  found  that  better  results 
are  obtained  with  a  sUghter  degree  of  extension.  The  change  in  practice  has  resulted  from 
exp>erience,  and  not  from  theoretical  considerations  ;  but  it  is  easy  to  understand  why  the 
most  recent  method  of  treatment  is  the  best,  as  paralyzed  muscles,  whether  the  paralysis 
is  organic  or  hysterical,  are  likely  to  recover  their  normal  acti\ity  most  rapidly  if  they  are 
kept  at  their  normal  p>ostural  length,  so  that  when  a  return  to  voluntary-  power  takes 
place,  the  structure  of  the  indi\idual  fibres  corresponds  with  the  normal  postural  tone. 
The  ill  effects  of  allowing  the  paralyzed  muscle  to  be  overstretched  is  probably  not  due, 
as  has  been  generally  supposed,  to  any  injurious  action  upon  its  contractile  power,  but 
to  the  development  of  a  new  postural  length  which  results  in  the  muscle,  when  it  recovers 
its  contractive  jwwer,  working  under  the  greatest  possible  disadvantage.  At  the  same 
time  the  abnormally  short  postural  length  of  the  opposing  muscle  is  extremely  disadvan- 
tageous. 

Abnormal  Postural  Length  and  Postural  Tone  in  the  Absence  of  Organic  Disease 
and    Hysteria. — In  our  study  of  war  neuroses,  we  have  been  constantly  adding  to  the 
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conditions  which  we  believe  to  be  hysterical,  but  wliich  were  formerly  supposed  to  be 
organic  in  nature  or  due  to  some  other  functional  condition  than  hysteria.  I  believe, 
however,  that  the  conception  of  postural  length  and  j)ostural  tone  should  result  in  tin- 
exclusion  from  hysteria  of  a  group  of  cases  which  have  hitherto  been  regarded  as  hysterical. 
I  have  already  spoken  about  the  abnormal  posture  which  persists  after  the  cure  of  hysterical 
paralysis  and  contractures  as  a  result  of  psychotherapy.  It  is  not  at  all  imcommon  for 
organic  disease  and  injuries  to  result  in  abnormal  postures,  owing  to  reflex  action,  the 
prolonged  use  of  splints,  the  voluntary  adoption  of  a  posture  with  the  object  of  relie\  in<> 
pain  or,  in  rare  cases,  local  tetanus.  When  the  primary  condition  has  disappeared,  the 
wound  having  healed  or  the  disease  having  cleared  up,  there  may  be  no  contracture  or 
paralysis  left  of  either  organic  or  hysterical  nature,  all  movements  being  perfect  and  the 
patient  being  well  able  by  voluntary  action  to  return  to  the  normal  position.  But  owing 
to  the  long  maintenance  of  the  abnormal  posture,  a  new  postural  length  of  the  muscles 
has  developed,  so  that  at  rest  the  limb  tends  to  remain  in  the  same  abnormal  position  as 
it  was  whilst  the  lesion  was  still  active.  There  is  nothing  hysterical  about  this,  as  it 
depends  upon  a  structural  though  temporary  change,  and  it  is  not  produced  by  suggestion, 
although  it  is  curable  by  re-education,  which,  however,  acts  in  a  different  way  to  the 
psychotherapy  required  for  hysterical  symptoms,  as  it  simply  teaches  the  patient  to 
maintain  by  an  effort  of  will  the  natural  position  for  a  suificient  length  of  time  to  enable 
a  new  postural  length  of  the  affected  muscles  to  develop.  It  is  thus  clear  that  many  cases 
of  abnormal  posture,  as  well  as  some  cases  of  abnormal  gaits,  are  really  of  this  nature  and 
not  hysterical.  The  diagnosis  from  hysteria  can  be  made  by  the  complete  absence  of 
any  paralysis  or  contracture,  and  from  organic  disease  by  the  rapidity  with  which  recovery 
occurs  with  re-education. 

DIAGNOSIS. 

The  diagnosis  of  an  hysterical  contracture  depends  primarily  upon  the  incompati- 
bility of  the  symptoms  with  the  injury.  On  careful  examination  it  is  generally  at  once 
clear  that  the  exact  form  and  extent  of  the  contracture  and  paralysis  cannot  possibly  be 
explained  by  the  injury  inflicted  upon  the  affected  muscles,  or  upon  the  nerves  which 
convey  motor  impulses  to  them  from  the  central  nervous  system.  In  some  cases  an 
injury  to  a  nerve  appears  to  be  responsible  for  some  of  the  paralysis  present,  but  it  is 
often  found  that  the  paralysis  extends  to  muscles  supplied  by  other  nerves  which  could 
not  have  been  injured.  Moreover,  an  injury  to  a  nerve  cannot  account  for  persistent 
spasm  of  the  muscles  it  supplies,  and  still  less  for  that  of  other  muscles  ;  persistent 
muscular  spasm  resulting  from  injuries  is  thus  invariably  hysterical,  unless  the 
pyramidal  tracts  in  the  brain  or  spinal  cord  have  been  directly  damaged.  WTien  a  part 
of  the  condition  is  clearly  hysterical,  this  should  be  cured,  and  an  attempt  made  to  cure 
the  residual  condition,  however  closely  it  may  simulate  the  results  of  an  organic  lesion  : 
for  the  latter  is  often  perpetuated  as  hysteria,  and  recovery  of  function  may  take  place 
before  the  disappearance  of  the  accompanying  physical  signs  of  organic  disease,  such  as 
extreme  muscular  atrophy,  loss  of  reaction  to  faradism,  and  abolition  of  the  deep  reflexes. 
I  have  already  pointed  out  that  vasomotor  and  trophic  changes,  which  have  in  the  past 
been  regarded  as  conclusive  evidence  of  organic  disease,  may  be  the  result  of  disuse  from 
hysterical  paralysis,  and  that  it  is  most  important  to  recognize  how  impossible  it  is  to 
distinguish  by  simple  manipulation  the  stiffness  of  joints  due  to  organic  changes  in  the 
surrounding  tissue  from  that  due  to  local  deficient  circulation,  quite  apart  from  any 
associated  muscular  spasm,  the  degree  of  which  should  always  be  carefully  investigated. 

According  to  Babinski,  a  further  criterion  for  the  diagnosis  of  the  hysterical  natiue 
of  the  paralysis  and  contracture  leading  to  an  abnormal  posture  is  the  possibility  of 
voluntarily  imitating  the  latter  with  complete  accuracy  ;  for,  having  been  produced  by 
suggestion,  and  being  independent  of  any  organic  condition,  it  should  be  capable  of 
reproduction  by  voluntary  effort.  Experience  has  taught  us  that  this  criterion,  though 
often  a  valuable  aid  in  diagnosis,  may  lead  one  astray,  as  there  are  certain  exceptions  to 
the  rule.     If  the  posture  is  due  to  the  perpetuation  by  suggestion  of  a  position,  which 
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developed  under  circumstances  which  uncontrollably  placed  the  limb  into  a  position  the 
})atient  could  not  voluntarily  assume,  its  maintenance  for  a  more  or  less  prolonged  period 
before  the  responsible  circumstances  ceased  to  be  operative  would  be  sufficient  to  train 
the  muscles  involved  to  continue  to  act  in  the  same  way.  and  would  also  lead  to  the 
development  of  postural  lengths  of  the  muscles,  which  would  help  to  keep  the  part  in  the 
abnormal  position,  even  after  psychotherapy  had  resulted  in  a  cure  of  the  contracture 
and  paralysis.  Thus,  contractures  developing  after  a  splint  or  localized  tetanus  has  kept 
the  limb  in  an  abnormal  posture  for  a  considerable  period,  and  hysterical  paralysis 
developing  as  the  perpetuation  of  organic  paralysis  due  to  a  nerve  injury  after  regenera- 
tion has  occurred,  may  be  impossible  to  imitate.  Lastly,  it  must  be  remembered  that 
individuals  vary  considerably  in  the  extent  of  movement  they  can  produce  at  different 
joints.  For  example,  a  man  developed  a  contracture  of  his  hand  with  his  fingers  in 
extreme  hyperextension  (see  Fig.  521),  as  a  result  of  a  wound  of  the  forearm  ;  at  first 
sight  this  was  thought  to  indicate  that  the  condition  was  organic,  but  it  was  then  found 
that  the  jjatitiit  was  capable  of  producing  voluntarily  an  equal  degree  of  extension  in 
his  normal  hand. 

TREATMENT. 

We  have  almost  entirely  given  up  hypnotism  in  the  treatment  of  hysterical  conditions, 
as  our  results  were  uncertain,  and  we  have  seen  so  many  patients  in  whom  prolonged 
treatment  by  hypnosis  before  admission  had  proved  unavailing  and  had  even  given  rise 
to  new  symptoms.  Suggestion  with  the  aid  of  electricity  we  rarely  employ,  except  at 
the  commencement  of  treatment  in  some  cases  of  flaccid  paralysis,  in  which  the  contrac- 
tions produced  in  the  jiaralyzed  muscles  powerfully  appeal  to  the  patient's  mind. 

Our  method  now  begins  with  a  full  explanation  of  the  cause  of  the  symptoms  in 
language  suited  to  the  patient's  intelligence  and  degree  of  education,  followed  by  persua- 
sion and  re-education,  combined  in  most  cases  with  manipulation,  which  doubtless  acts 
to  some  extent  by  suggestion.  A  ver\'  important,  but  by  no  means  essential,  preliminary 
is  the  creation  of  a  proper  atmosphere  of  cure.  Directly  the  patient  is  admitted,  the 
sister  encourages  him  to  believe  that  he  will  be  cured  as  soon  as  the  doctor  has  time  to 
see  him,  and  she  is  often  helped  by  the  spontaneous  efforts  of  other  patients  in  the  ward, 
who  have  been  rapidly  cured  of  similar  symptoms  and  tell  him  of  their  cure.  The  medical 
officer  sees  him  some  hours  later,  and  after  examining  him  and  coming  to  the  conclusion 
that  the  condition  is  hysterical,  he  tells  him  as  a  matter  of  course  that  he  will  be  cured 
the  next  day.  By  the  following  morning  the  patient  is  fiilly  con\inced  that  the  hoped-for 
cure  will  take  place  :  as  the  medical  officer  is  equally  con\inced  that  he  will  cure  the 
patient,  the  two  essentials  for  recover^'  are  present.  The  nature  of  the  actual  treatment 
is  really  immaterial,  but  simple  explanation,  persuasion,  and  re-education  have  the  great 
advantage  of  making  the  patient  take  an  active  part  in  his  own  cure,  and  remove  any 
suspicion  of  charlatanism  from  the  proceedings. 

The  patient  is  made  to  understand  that  any  treatment  he  has  already  received  has 
prepared  the  way,  so  that  nothing  now  remains  but  a  properly  directed  effort  on  his  part, 
with  our  help,  for  complete  recovery-  to  take  place.  During  the  whole  course  of  treatment 
he  is  engaged  in  conversation,  and  the  meaning  of  each  successive  step  is  carefully 
explained.  He  is  made  to  watch  the  contraction  of  the  muscles  and  the  play  of  the  tendons 
of  the  normal  limb,  and  to  attempt  to  imitate  them  in  the  affected  one. 

In  some  cases  it  is  not  even  necessary-  to  touch  the  patient,  mere  explanation  and 
persuasion  being  sufficient  to  cause  him  to  relax  any  spasm  which  may  be  present,  and 
then  to  perform  the  various  movements  of  the  part  with  quickly  increasing  strength  and 
rapidity.  In  other  cases  the  limb  requires  to  be  lightly  supported  at  first,  but  here  again 
no  passive  movements  are  employed.  In  cases  of  this  kind  the  patient  often  expresses 
astonishment  at  the  simphcity  of  the  treatment,  which  succeeds  in  curing  him  in  a  few 
minutes  in  spite  of  the  fact  that  he  has  pre\iously  been  given  massage  and  electricity  for 
months  without  any  ob\ious  result.  The  explanation  is  that  now  for  the  first  time  he 
is  made  to  take  an  active  part  in  the  treatment — to  use  his  will  p)Ower,  instead  of  allowing 
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himself  to  become  a  passive  agent  in  tlie  hands  of  the  masseuse.  A  few  masseuses  and 
electrotherapeutists  realize  the  importance  of  active  effort  ;  but  I  have  frequently  seen 
a  patient  reading  a  newspaper  which  he  holds  with  one  hand,  whilst  his  other  hand  is 
being  massaged  or  treated  with  electricity  exactly  as  if  it  did  not  belong  to  him.  I  have 
indeed  very  rarely  seen  a  patient  being  encouraged  throughout  his  massage  or  electrical 
treatment  to  take  an  active  part  in  the  proceedings.  As  a  matter  of  fact  neither  electricity 
nor  massage  is  of  any  use  in  these  cases,  although  the  average  massage  and  electrothera- 
peutic  department  is  crowded  with  them  ;  for  recovery  should  take  place  very  rapidly, 
and  then  nothing  but  the  ordinary  activity  of  every-day  life  is  required  to  restore  any 
residual  weakness  due  to  the  muscular  atrophy  caused  by  prolonged  disuse. 

In  many  cases  of  severe  contracture  more  active  manipulation  is  required.  In  our 
earlier  cases  we  often  forcibly  moved  the  limb  in  the  direction  opposed  to  the  normal 
action  of  the  contracted  muscles,  however  much  the  patient  might  complain  of  pain,  the 
movements  being  repeated  until  complete  relaxation  and  the  power  to  perform  voluntary 
movements  were  restored.  Xow,  however,  we  realize  that  the  production  of  pain  often 
produces  a  more  or  less  subconscious  resistance  to  the  treatment  in  the  patient's  mind. 
We  have  found  that  in  almost  every  case  it  is  possible  by  explanation  and  persuasion  to 
get  him  to  relax  his  muscles,  so  that  passive  movements  can  be  carried  out  with  the 
production  of  little  or  no  pain,  however  powerful  the  spasm  may  be.  When  littje  or  no 
resistance  to  passive  movements  persists,  they  are  combined  with  and  finally  replaced  by 
active  movements  until  the  condition  of  the  limb  is  normal.  In  our  experience  it  is  never 
necessary,  as  recommended  by  Reeve,  to  continue  the  passive  movements  for  several 
hours — relays  of  convalescent  patients  carrying  on  the  treatment  until  finally  the  muscles 
became  so  fatigued  and  toneless  that  they  are  no  longer  capable  of  producing  the  original 
deformity.  His  experience  is  probably  due  to  the  fact  that  he  believes  his  results  are 
due  to  fatigue  and  not  to  suggestion  ;  he  therefore  does  not  prepare  the  patient  for  rapid 
recovery,  nor  expect  it  himself,  as  he  would  do  if  he  realized  that  recovery  is  really  due 
to  the  suggestion  of  cure  by  the  method  he  employs. 

^^^len  very  great  difficulty  is  experienced  in  getting  the  contracted  muscles  to 
relax,  the  limb  should  be  placed  in  very  hot  water,  and  the  manipulations  carried  out 
when  the  circulation  has  been  artificially  improved  in  this  way  Some  relaxation  always 
occurs,  because,  as  I  have  pointed  out  above,  the  rigidity  is  in  part  the  direct  result  of  the 
deficient  blood-supply. 

Passive  movements  are  most  effective  if  carried  out  by  the  medical  officer  himself, 
as  the  patient  is  engaged  in  conversation  the  whole  time  and  made  to  take  an  active  part 
in  the  movements  from  a  very  early  stage  in  the  first  sitting.  For  this  reason  we  never 
employ  the  mechanical  appliances  for  performing  passive  movements,  which  have  been 
boomed  to  such  an  extent  during  the  last  few  years.  Even  when  complete  relaxation 
of  spasm  has  been  attained  and  the  normal  movements  have  been  restored  to  a  hand, 
the  patient  is  very  apt  to  forget  this,  and  to  continue  to  make  the  other  hand  do  the  work 
of  both.  After  the  condition  has  persisted  for  many  months  or  even  three  or  four  years, 
it  is  only  natural  that  this  should  be  the  case  at  first,  if  he  does  not  think  about  it,  as  he  - 
has  become  so  unaccustomed  to  having  two  useful  hands.  It  is  therefore  of  the  greatest 
importance  to  give  the  patient  some  occupation,  such  as  basket  making  or  toy  making, 
which  will  necessitate  his  using  both  hands  from  the  very  day  on  which  recovery  occurs. 
At  Scale  Hayne  Hospital  we  have  found  that  the  men  enjoyed  working  at  a  potterj'  we 
instituted  better  than  anything  else,  and  this  has  had  the  desired  effect  of  rapidly  training 
them  to  use  the  hand  which  is  now  no  longer  disabled.  At  the  same  time  the  patient  is 
instructed  to  be  careful  to  use  both  hands  for  all  ordinary  purposes,  such  as  dressing  and 
feeding  himself,  and  in  the  case  of  the  right  hand  he  should  at  once  begin  again  to  write 
with  it.     A  musician  should  be  encouraged  to  play  his  instrument. 

Finally,  the  patient  should  be  taught  to  keep  the  limb  in  the  proper  position  by  an 
effort  of  will  in  order  to  restore  the  normal  postural  tone  and  postural  length  of  the  muscles. 
^Vhen  the  leg  has  been  affected,  it  is  necessary  to  give  some  re-education  in  walking  for 
a  few  minutes  in  order  to  overcome  any  tendency  to  limp,  due  to  the  persistence  of  the 
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abnormal  postural  length  of  the  muscles  involved  in  the  contracture  and  those  which  acted 
abnormally  in  order  to  compensate  for  the  partial  disability.  Here  again  we  have  never 
found  any  apparatus,  such  as  Zander's,  necessar\'  for  the  re-education  of  normal  move- 
ments and  restoration  of  full  capacity,  the  ordinary  activity  of  everyday  life  being  quite 
sufficient,  if  the  patient  is  made  to  understand  that  he  must  now  use  his  limb  exactly  as 
if  he  had  never  been  injured. 

The  following  case  is  a  single  example  out  of  a  ver>-  large  number,  showing  how 
rapidly  complete  recover\-  occurs  even  in  very  long-standing  cases,  in  which  all  hope  of 
cure  had  been  given  up. 

Hysterical  paralysis  of  the  left  deltoid  of  twenty  months'  duration,  and  hysterical  con- 
tracture of  the  ri^ht  biceps  and  triceps  of  nine  months'  duration,  cured  in  a  few^  minutes. 

Pte.  C,  ajie  28,  wiis  wounded  supcrticially  over  the  left  shoulder  in  August,  191G.  He  was  in 
hospital  for  six  weeks,  and  was  then  sent  to  his  depot.  He  was  kept  off  duty,  with  the  exception 
of  walking;  exercises  and  attending  lectures,  on  account  of  his  inability  to  use  his  arm  properly. 
He  was  then  transferred  to  a  Labour  Company,  and  went  to  France  in  February,  1917.  He 
received  a  slight  wound  of  the  right  elbow  in  .\ugust,  1917.  He  was  sent  to  England,  and  was  in 
five  different  hospitals.  He  was  transferred  to  Scale  HajTie  Hospital  on  May  14,  1918,  with  a 
diagnosis  of  "  spasm  of  the  right  biceps."  On  examination,  it  was  found  that  his  right  elbow  was 
rigid  and  flexed  at  slightly  more  than  a  right  angle.  He  was  unable  to  abduct  his  left  ami,  the 
ileltoid  being  quite  flaccid.  The  latter  condition  had  evidently  been  given  up  as  hopeless,  as  no 
mention  of  the  paralyzed  left  shoulder  was  made  on  his  medical  case-sheet.  He  had  twice  had 
his  right  arm  forcibly  straightened  under  an  anaesthetic  in  other  hospitals,  but  on  each  occasion 
the  spasm  had  returned.  With  explanation,  manipulation,  and  persuasion,  the  resistance  of  the 
muscles  of  the  right  arm  was  overcome  in  a  few  minutes.  The  left  deltoid  was  stimulated  with  a 
faradic  current  in  order  to  show  the  patient  that  the  muscle  could  contract,  and  in  ten  minutes 
with  vigorous  persuasion  he  was  able  to  move  his  left  arm  in  any  direction.  He  was  immediately 
put  on  farm  work  and  phvsical  drill,  and  lK)th  arms  soon  became  quite  strong.  He  was  discharged 
to  duty  on  July  10,  1918*.     (C'apt.  S.  H.  Wilkinson.) 
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Equilibrium  and   Vertigo."    By  Major  Isaac  H.  Jonks,  M.A.,  M.l).,  U.S.  Army.    Pp.  444  +  xv, 
witli  i:{0  illustrations.     1918.     Philadelphia  and  London  :    J.  B.  Lippincott  Co.     21s.  net. 

There  is  a  wealth  of  information  in  this  book  which  should  be  of  interest  and  value  to  the  jjeneral 
practitioner,  to  the  specialist,  and  to  the  medical  officer  attached  to  the  Air  Service.  In  fact,  the 
irook  has  been  adoj)ted  as  a  standard  for  the  Medical  Division  of  the  Aviation  Section  of  the 
Signal  Corps  of  the  I'nited  States  Army. 

The  work  is  divided  into  two  ])arts.  Pari  I  deals  with  the  practical  uses  of  a  study  of  the 
internal  ear.  Appreciation  is  made  of  the  work  of  Barany  and  the  Vienna  school  of  otologists 
in  developing  the  tests  for  determining  vestibular  stability.  After  perusal  of  Chapter  II  the  general 
practitioner  shoidd  face  cases  of  vertigo  with  renewed  confidence.  At  the  end  of  this  chapter 
the  author  points  out  that  although  'ear  examination'  does  not  determine  everything  whatsoever 
that  has  to  do  with  vertigo,  it  brings  order  out  of  chaos,  and  makes  possible  accurate  diagnosis 
and  intelligent  treatment. 

There  is  a  special  chapter  on  the  ear  and  aviation,  in  which  the  author  deals  with  the  importance 
to  the  aviator  of  perfectly  functionating  internal  ears  ;  and  he  describes  the  tests  for  determining 
the  balance  mechanism  as  adopted  in  May,  1917,  by  the  U.S.  Army.  We  think  he  lays  too 
much  stress  on  the  importance  of  the  vestibular  apparatus  in  flying.  The  fact  is  overlooked  that, 
for  his  sense  of  balance  in  flight,  the  aviator  is  mostly  dependent  on  his  eyesight.  Surgeon 
Graeme  Anderson,  R.N.,  by  ascending  blindfolded  in  an  aeroj)lane,  foiuid  that  with  vision  cut 
off  one  has  very  little  sense  of  balance  or  direction.  Again,  the  author  forgets  that  in  clouds  or 
in  the  dark  the  aviator  depends  greatly  on  his  various  instruments  for  his  stability  in  flight. 

In  the  chapter  on  'The  Ear  and  Seasickness'  the  various  theories  relating  to  the  causation 
of  mal  (le  mer  are  discussed,  and  many  facts  of  interest  are  related  which  should  prove  useful  to 
the  medical  officers  of  the  Royal  Navy  and  mercantile  marine.  In  the  remainder  of  the  first  part 
of  the  book  the  values  of  the  Barany  tests  are  discussed  in  relation  to  the  neurologist,  the  surgeon, 
the  ophthalmologist,  and  the  otologist. 

Pari  II  is  given  up  to  the  anatomical  and  physiological  consideration  of  the  internal  ear.  The 
Barany  tests  for  producing  nystagmus,  past  pointing,  and  falling,  are  given  clearly  in  detail, 
and  illustrated  in  a  novel  way  by  means  of  cinematograph  pictures.  The  latter  part  of  the 
book  is  devoted  to  the  analysis  of  pathological  cases. 

The  illustrations  throughout  defy  criticism,  and  the  author  is  to  be  congratulated  warmly 
on  his  work.  We  look  forward  to  a  second  edition,  and  would  like  to  see  expressed  in  it  his 
further  views  on  the  relation  of  the  Barany  tests  to  the  selection  of  candidates  for  aviation.  It 
would  be  of  immense  value  to  have  figures  comparing  the  findings  of  these  tests  with  each  aviator's 
flying  ability  at  the  end  of  his  period  of  instruction.  Our  experience  has  been  that,  the  less  easily 
stimulated  the  vestibular  apparatus,  the  better  the  flying  ability ;  but  this  is  a  debatable  |)oint. 
The  trained  acrobat's  vestibular  apparatus  is  not  easily  stimulated.  Major  Jones's  book  should 
Ije  read  bv  all  medical  men  interested  in  aviation. 


War  Surgrery  from  Firing  Line  to  Base.  Bv  Basil  Hughes,  D.S.O.,  M.A.,  M.B.,  B.C.  (Cantab.), 
B.Sc.  (Lond.),  F.R.C.S.,  Temporarv  Major  R.A.M.C.,T.F.,  and  H.  Stanley  Banks,  M.A., 
M.B.,  Ch.B.  (Glasg.),  D.P.H.  (Cantab.),  Capt.  R.A.M.C.,T.F.  Large  8vo.  Pp.  623  -r  x, 
with  9  coloured  plates  and  373  figures.     1918.     London  :  Bailliere,  Tindall  &  Cox.      3()s.  net. 

This  is  a  book  of  quite  exceptional  merit.  It  is  the  outcome  of  three  and  a  half  years'  experience 
gained  on  both  the  Eastern  and  Western  fronts,  during  which  j)eriod  the  authors  have  had  the 
good  fortune  to  serve  in  all  the  different  areas  between  the  firing  line  and  the  base  hospital.  Their 
service  in  the  busy  front  areas  was  gained  in  France,  so  that  they  were  able  to  ajjply  all  the  newer 
metho<ls  of  treatment  that  came  into  vogue  there  between  1910  and  1917  to  their  work  at  a  large 
base  hospital  at  Salonika.  Thus  they  can  justly  claim  a  familiarity  with  war  wounds  in  all  their 
phases.  They  have  had  {)ractical  experience  of  the  early  days  of  the  campaign  when  sepsis  was 
rampant,  and  the  surgeon,  groping  for  knowledge  and  overwhelmed  with  work,  was  almost 
jHJwerless.  They  have  seen  the  gradual  perfection  of  methods  that  began  to  evolve  order  out  of 
chaos  and  turned  failure  into  success,  and  they  have  taken  part  in  the  standardization  of  the 
most  successful  methods  and  their  enforcement  by  order. 
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Ilaviiiii  had  experience  of  wounds  in  all  parts  of  the  line,  they  have  had  better  opportunities 
than  many  writers  upon  war  surgery  of  arriving  at  a  true  judgement  as  to  what  should  be  done 
in  each  area,  and  of  viewing  the  treatment  of  war  injuries  as  a  whole  in  its  true  perspective.  Those 
whose  experience  has  been  gained  in  a  limited  area  only,  are  too  prone  to  judge  the  subject  as  a 
whole  by  the  small  sample  presented  to  them.  Thus,  the  front-line  officer  is  apt  to  be  mostly 
concerned  with  questions  of  hygiene,  mortality,  transport,  accommodation,  and  shock  ;  the 
surgeon  at  the  casualty  clearing  station  with  the  early  treatment  of  wounds  ;  while  the  surgeons 
at  the  base  hospitals  concentrate  upon  the  treatment  of  septic  wounds,  secondarv'  operations,  and 
the  like.  Each  is  apt  to  look  upon  his  sphere  of  observation  as  the  really  important  phase  of  war 
surgery,  unless  ex|>erience  in  other  areas  has  enabled  him  to  bring  his  observations  into  proper  focus. 
The  book  liefore  us  is  free  from  any  fault  of  this  character.  It  takes  as  its  keynote  the  gunshot 
wound  of  the  present  war  and  the  pathological  processes  that  occur  in  it.  This  is  the  peculiarity 
of  war  siirger\-  as  we  know  it,  and  to  this  all  other  complications,  such  as  injuries  to  lx»nes  or  joints, 
are  secondary  in  importance.  .\nd  therefore  it  follows  that  it  is  the  treatment  of  the  wound 
itself  that  is  the  essential  point. 

The  theme  of  the  war  woimd  is  admirably  dealt  with  by  the  authors.  No  clearer  or  more 
interesting  sur\ey  of.  the  subject  has  been  written,  and  the  reader's  feeling  on  finishing  it  must 
be  one  of  regret  that  the  ephemeral  nature  of  the  subject  must  of  necessity  relegate  so  able  a  book 
ere  long  to  the  limlx)  of  the  many  half-forgotten  things  connected  with  the  Great  War.  The 
authors'  ajjology  in  the  preface  for  shortcomings  on  the  score  of  the  work  being  written  under 
active  service  conditions  in  the  East,  where  there  was  no  access  to  any  librar\'  of  reference,  is 
entirely  unnecessarj-.  An  outstanding  feature  of  the  l)ook  is  the  great  amount  of  information  upon 
ancillary  subjects  that  it  contains.  It  is  a  remarkable  tribute  to  the  general  knowledge  of  the 
writers  that  such  a  lx)ok  could  have  been  produced  imder  such  circumstances. 

The  chief  part  of  the  work  upon  which  the  lx>ok  is  founded  is  the  i>ersonal  experience  of  the 
authors.  Most  of  this  was  done  in  the  Salonika  area,  and  it  is  interesting  to  find  they  are  as 
enthusiastic  in  favour  of  the  Carrel-Dakin  method  as  the  most  devoted  disciple  in  France.  The 
history  of  this  method  will  prove  an  interesting  and  illuminating  study  to  students  of  war  surgery. 
.\part  from  being  a  triumphant  vindication  of  the  value  of  associated  departmental  work — in  the 
vernacular  of  the  moment,  'team-work' — it  has  enjoyed  in  our  armies  the  distinction  of  lieing 
almost  the  only  surgical  method  laid  down  by  order  and  enforced  according  to  plan.  There  are 
some  who  think  that  the  main  lines  of  treatment  in  the  army  should  he  prescribed  and  enforced 
by  authority,  instead  of  allowing  to  each  individual  the  unfettered  exercise  of  his  own  judgement. 
The  history  of  this  method  of  treatment  will  afford  these  authorities  much  satisfaction,  and 
in  this  connection  the  views  of  the  authors  u|)on  the  necessity  of  spending  time — much  time — in 
the  acquisition  not  only  of  its  general  principles,  but  the  minutest  details  of  its  technique,  should 
be  carefully  taken  to  heart  by  those  who  are  ready  to  introduce  modifications  of  their  own  before 
they  have  mastered  the  teaching  of  its  distinguished  originators.  .\11  through  the  Ijook  the 
authors  display  a  profound  acquaintance  not  only  with  the  true  aim  of  the  method,  but  also  of 
its  very  varied  applications.  Nowhere,  even  in  Carrel  and  Dehelly's  own  Ijook,  have  we  seen 
the  matter  better  set  forth. 

The  account  of  the  general  nature  of  wounds  is  excellent.  All  the  special  features  of  war 
wounds — the  disruption  and  stunning  of  the  tissues,  and  the  latent  and  distant  damage — are 
clearly  emphasized  and  receive  their  due  significance. 

The  information  with  regard  to  the  bacteria  of  wounds  is  peculiarly  rich.  .\11  the  micro- 
organisms infecting  wounds  are  clearly  classified  and  described,  and  their  biology  is  fidly  gone 
into.  Their  methotls  of  growi:h,  and  the  effects  they  produce  upon  the  organism  in  general  and 
the  tissue  in  particular,  are  given  vrith  a  clearness  and  precision  that  mark  the  writers  as  no  mean 
pathologists.  The  description  of  the  anaerobes  is  particularly  good,  and  there  is  an  excellent 
description  appended  of  various  simple  anaerobic  culture  methods. 

The  subject  of  wound  infection  is  ably  dealt  with,  as  might  be  expected  from  writers  who  have 
been  so  often  called  upon  to  treat  wounds  as  they  are  made. 

The  predisposing  causes  of  woimd  infection  are  fully  examined.  Fatigue,  climate,  and  want 
of  cleanliness  have  all  played  a  part  in  this  war  in  the  production  of  trench  ailments,  the  due 
importance  of  which  has  only  recently  been  recognized.  The  authors  present  us  with  a  descrip- 
tion of  the  soldier's  life  that  deserves  to  be  read  for  its  literary  savour  as  well  as  its  professional 
accuracy.  Shock  and  haemorrhage,  dangerous  enough  as  causes  of  immediate  death,  have  assigned 
to  them  their  proper  importance  as  powerful  predisposing  causes  of  infection — one  of  the  most 
valuable  lessons  that  front-line  treatment  has  taught  us.  As  might  be  expected  from  surgeons 
who  have  served  in  the  East,  the  authors  have  a  good  deal  to  say  with  regard  to  the  e\ils  produced 
by  flies.  We  are  interested  to  see  that  they  have  arrived  at  the  conclusion,  shared  by  many  in 
different  fields  of  warfare,  that  the  lar\-al  form,  the  maggot,  may  have  an  apparently  beneficial 
effect  in  some  cases  of  badly  lacerated  wounds. 

The  chapter  on  the  general  pathological  processes  underlying  the  phenomena  of  wound  infec- 
tion is  accurate ;  concise  ;  but  ample  for  the  student  or  the  practising  surgeon.  The  microscopic 
appearances  of  the  wound  secretions  at  various  stages  of  treatment,  based  of  course  upon  the 
routine  at  Compifegne,  are  all  that  could  be  desired  both  in  the  way  of  illustration  and  description. 
All  this  leads  up  to  the  description  of  the  treatment  of  wounds  by  the  Carrel-Dakin  method,  which 
for  the  authors  is  the  only  method  deserving  of  any  serious  consideration.     Upon  this  subject 
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they  are  perhaps  better  qualified  to  speak  than  many,  for,  owing  to  the  military  situation,  tliey 
were  able  to  treat  a  very  large  number  of  cases  from  beginning  to  end.  This  spocial  experience 
therefore  enables  them  to  express  opinions  upon  the  merits  of  the  (  arrd-Dakin  treatment  that 
nuist  be  received  with  due  respect.  It  is  one  thing  to  give  an  opinion  upon  a  method  of  treatment 
after  such  an  experience  of  it  in  a  long  series  of  eases,  an(l  tpiite  another  when  views  are  founded 
upon  experience  derived  from  cases  that  have  passed  through  many  hands.  The  results  claimed 
by  the  writers  go  a  long  way  to  counterbalance  the  obvious  objections  that  the  complicated  nature 
of  the  treatment  is  apt  to  provoke  in  the  minds  of  those  who  have  not  practised  it  assiduously 
and  with  devotion.  Its  exact  place  in  surgery  is  still  diflicult  to  define,  but  there  can  be  no  doubt 
that  under  certain  circumstances  it  is  invaluable,  and  cannot  be  cHiciently  re[)laced  by  any  other 
plan. 

The  second  half  of  the  book  is  devoted  to  the  treatment  of  special  injuries.  The  chapter  on 
injuries  of  joints  is  of  a  high  degree  of  merit.  It  is  full  of  important  anatomical  and  pathological 
information,  while  the  part  devoted  to  treatment  is  of  exceptional  interest.  The  question  of 
immediate  resection  of  the  wound  track  in  these  injuries,  and  especially  those  of  the  knee,  is  dealt 
with  ably,  but  the  chief  interest  lies  in  the  residts  obtained  by  the  use  of  the  Carrel-Dakin  method. 
As  the  writers  followed  their  eases  from  beginning  to  end,  their  report  upon  this  dillicult  group  of 
injuries  ranks  in  value  with  the  best  accounts  we  have  seen  in  the  literature  of  the  sid)ject. 

We  have  said  enough  to  indicate  that  this  book  should  be  in  the  hands  of  all  who  are 
concerned  with  war  surgery.  It  cannot  fail  to  interest,  even  when  the  methods  followed  by  the 
authors  do  not  coincide  with  those  of  the  reader.  It  is  pleasantly  written  and  admirably  got  up. 
The  illustrations  are  good,  though  the  coloured  plates  might  have  been  dispensed  with. 


Surg'ery    in    War.      By  Lieut. -Colonel  Alfred  J.    Hull,  R.A.M.C,  F.K.C.S.       Second  edition. 
Pp.  624  +  XV,  with  210  illustrations.     1918.     London  :    J.  &  A.  Churchill.     25s.  net. 

This  book  may  justly  be  regarded  as  the  standard  text-book  on  the  surgery  of  this  war.  The 
first  edition,  issued  early  in  the  campaign,  was  for  a  long  time  the  only  book  of  its  kind  in  the 
language  that  could  be  regarded  as  comprehensive.  Because  of  its  general  accuracy  and  com- 
pleteness it  became  the  guide  and  book  of  reference  for  all  who  had  to  deal  with  war  casualties. 
The  increase  of  knowledge  and  the  ever-widening  scope  of  surgery  in  war  has  called  for  a  revision 
of  the  original  work,  and,  as  might  have  been  expected,  the  magnitude  of  this  task  has  compelled 
the  author  to  call  to  his  assistance  a  number  of  collaborators.  To  each  of  these  a  subject  to  which 
he  has  devoted  special  attention  is  allotted.  The  result  is  a  large  text-book,  which,  while  it  may 
suffer  somewhat  from  the  point  of  view  of  homogeneity,  undoubtedly  gains  considerably  in  com- 
pleteness and  in  authority. 

The  book,  after  a  preface  by  the  Director-General,  Sir  T.  Goodwin,  opens  with  an  excellent 
introduction  by  Colonel  Pilcher,  C.B.,  D.S.O.,  which  calls  attention  to  the  recent  changes  that 
have  been  made  in  the  treatment  of  the  wounded,  the  developments  in  the  methods  of  collection 
and  forwarding  of  the  injured  men,  and  the  improvements  iti  surgical  technique.  It  is  interesting 
and  instructive  to  find  this  authority  writing :  "  It  would  almost  seem  that  the  chiefs  of  the 
Army  Medical  Service,  acting  by  the  advice  of  their  surgical  consultants,  must  in  the  future 
exercise  a  more  direct  control  over  the  various  methods  of  treatment  of  wounds  in  warfare. 
This  might  well  be  done  without  interference  with  individual  enterprise  and  the  issue  of  direct 
orders,  or  even  destructive  criticism  of  existing  methods,  but  by  education  in  methods  scientifically 
chosen  and  described  in  pamphlets  officially  approved  and  issued  at  intervals."  This  is  a  view 
that  many  who  have  had  experience  of  the  conditions  prevalent  in  the  earlier  stages  of  the  war 
will  cordially  support.  Lieutenant-Colonel  Hull  has  some  excellent  remarks  upon  the  same 
subject,  in  connection  with  the  choice  of  method  of  wound  treatment,  which  are  to  be  com- 
mended strongly  to  the  notice  of  all  concerned  His  description  of  the  methods  of  treatment  of 
wounds  is  very  complete  and  full  of  technical  detail,  and  his  views  as  to  their  relative  value  are 
sound  and  practical.  There  are  few  surgeons  of  experience  who  will  fail  to  agree  with  him  when 
he  says  :  "  Provided  the  surgical  treatment  is  correctly  carried  out  at  the  proper  time,  it  is 
immaterial  what  particular  treatment  is  adopted." 

One  of  the  best  chapters  in  the  book  is  that  on  tetanus  by  Dr.  C.  H.  Browning,  a  good  deal 
of  which  has  already  appeared  in  the  columns  of  this  journal.  It  is  very  concise,  but  it  is  admir- 
ably clear,  and  contains  practically  all  that  is  of  value  in  our  knowledge  of  this  baffling  disease 
at  the  present  time.  The  subject  of  anaerobic  infection  is  adequately  dealt  with  by  Captain 
A.  A.  Petrie,  and  that  of  the  treatment  of  gunshot  wounds  of  the  head  is  brought  well  up  to  date 
by  the  incorporation  of  the  excellent  work  of  Harvey  Cushing.  It  would  have  added  value  to  this 
section  had  the  author  been  more  critical  as  to  the  relative  merits  of  the  methods  he  describes. 
The  section  on  the  injuries  of  blood-vessels  is  very  meagre,  except  in  regard  to  the  methods  of 
transfusion  of  bloo<l,  which  has  been  brought  well  up  to  date.  A  somewhat  similar  objection  may 
Ik;  made  to  the  chapter  dealing  with  gunshot  wounds  of  joints.  This  contains  a  great  deal  of 
valuable  information  as  to  methods,  but  there  appears  to  be  some  want  of  critical  appreciation  of 
their  value.  It  is  true  that  the  subject  is  really  the  most  difficult  one  in  the  entire  range  of  war 
surgery,  but  it  is  just  on  this  account  that  the  beginner  asks  for  firm  guidance  from  his  more  experi- 
enced colleague. 
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The  best  chapter  in  the  book  is  undoubtedly  that  on  wounds  of  the  abdomen  by  Colonel  Owen 
Richards,  C.M.G.,  D.S.O.,  who  was  one  of  the  small  band  of  pioneer  workers  in  this  much  revolu- 
tionized branch  of  war  surgery.  It  is  full  of  information,  all  of  it  clear,  concise,  and  authoritative. 
It  is  worth  while  to  quote  his  concluding  paragraph  on  the  future  of  abdominal  surgery  in  war. 
He  says  :  "  Abdominal  surgery,  on  the  other  hand,  has  only  been  called  on  to  apply  a  technique 
already  developed  and  generally  accepted  to  the  treatment  of  a  new  group  of  injuries  under  unusual 
conditions.  The  only  question  ever  in  dispute  was  whether  it  could  and  should  be  so  applied  or 
not,  and,  now  that  this  has  been  decided,  the  only  changes  we  may  expect  will  be  determined  by 
the  varying  possibilities  of  bringing  the  wounded  man  and  the  surgeon  together  early  and  under 
good  conditions."  All  who  remember  the  \iews  held  by  those  in  authority  in  the  early  days,  and 
the  difficulty  that  the  advocates  of  operation  had  to  obtain  permission  to  decide  by  actual  practical 
experience  whether  their  views  were  right  or  not,  may  well  rejoice  that  there  were  stout  fighters 
for  the  l>elief  that  injuries  of  the  abdominal  contents  in  warfare  did  not  call  for  a  line  of  treatment 
totally  incompatible  with  that  suite<l  to  similar  injuries  in  ci\il  life. 

Gunshot  woimds  of  the  chest  are  excellently  dealt  with  by  Captain  W.  Miller,  who  has  brought 
the  subject  thoroughly  up  to  date.  The  same  may  be  said  for  that  on  shock.  The  author's 
account  of  the  treatment  of  fractures  is  a  little  disappointing.  It  is  very  full  of  detail,  but  it  leaves 
the  reader  in  some  confusion  as  to  the  l)est  methods  to  follow.  There  are  really  very  few  methods 
or  appliances  in  the  treatment  of  fractures  that  are  of  outstanding  merit,  and  the  author's  long 
war  ex|)erience  should  have  enabled  him  to  discriminate  accurately.  He  certainly  does  not  do 
adequate  justice  to  the  valuable  work  of  his  distinguished  colleague.  Major  M.  Sinclair,  C.M.G.,  to 
whose  untiring  efforts  the  present  improved  condition  of  the  treatment  of  fractures  is  so  largely 
due. 

It  may  fairly  be  said  of  the  book  that  it  maintains  its  position  as  the  leading  text-book  upon 
the  subject  in  our  language,  and  that  it  is  an  indispensable  work  for  all  who  are  called  upon  to 
practise  the  surgery  of  war.  It  is  admirably  got  up  and  copiously  illustrated.  It  is  a  great  source 
of  satisfaction  to  know  that  so  useful,  comprehensive,  and  widely  appreciated  a  book  has  emanated 
from  a  memljcr  of  the  Regular  Army  ^ledical  .Ser\ice,  who  from  the  first  day  of  the  war  has  been 
engaged  on  active  service  overseas. 


The  Operative  Treatment  of  Chronic  Intestinal  Stasis:  By  Sir  Arbuthnot  Lane,  C.B. 
Fourth  etlition.  Large  8vo.  Pp.  328  -i-  xii,  fully  illustrated.  1918.  London  :  Henry 
Frowde  and  Hodder  &  Stoughton.     20s.  net. 

The  fourth  edition  of  Sir  Arbuthnot  Lane's  work  has  been  revised,  and  several  new  chapters, 
written  by  a  number  of  contributors,  have  l>een  added.  Though  there  is  no  doubt  that  many 
facts  of  real  importance  have  emerged  from  the  author's  prolonged  investigations  on  the  subject, 
it  must  be  admitted  that  he  has  failed  to  substantiate  his  claim  that  the  vast  majority  of  all  the 
diseases  which  flesh  is  heir  to  are  caused  by  intestinal  auto-intoxication. 

The  book  opens  with  descriptions  of  five  skiagrams  of  the  fractured  lower  epiphysis  of  a  humerus, 
of  illustrations  of  the  spines  of  a  brewer's  drayman  and  a  coal-heaver,  and  of  the  skeletons  of  a 
coal-trimmer  and  a  shoemaker.  So  much  importance  is  attached  to  the  last  two,  that  a  second 
description  of  the  same  skeletons,  occup\-ing  78  pages  and  illustrated  by  the  same  16  illustrations, 
appears  in  the  middle  of  the  book.  The  ingenious  application  of  these  anatomical  studies  to  the 
pathogenesis  of  intestinal  adhesions  loses  most  of  its  interest  from  the  fact,  proved  by  Professor 
Keith  in  a  later  chapter,  that  adhesions  have  little,  if  any,  connection  with  intestinal  stasis. 

Appetite  for  food  and  sexual  appetite  are  discussed  together,  both  by  the  author  and  by  Mr. 
Chappie,  as  if  they  were  analogous  physiological  phenomena,  a  most  extraordinary  notion  ;  and 
these  'appetites'  are  said  to  l)e  seriously  affected  in  intestinal  stasis  unless  the  patient  is  fortunate 
enough  to  have  red  or  towy-coloured  hair.  The  favourable  effect  of  marriage  on  women  with 
intestinal  stasis  is  ascribed  to  the  prostatic  secretion,  which  counteracts  the  auto-intoxication,  an 
opinion  which  surely  requires  more  evidence  in  its  support  than  the  surprising  statement  that  an 
extract  from  the  prostate  of  the  ram  "  has  been  administered  ver\'  generally  and  apparently  with 
marked  benefit  " — but  whether  by  mouth  or  by  a  vaginal  douche  the  author  does  not  tell  us. 

The  list  of  diseases  which  the  author  attributes  to  intestinal  stasis  begins  with  flat-foot  and 
knock-knee,  passes  on  through  almost  every  pathological  change  in  every  organ  of  the  body — 
such  as  atrophy,  adenoma,  cysts,  and  cancer  of  the  thjToid  in  addition  to  exophthalmic  goitre,  as 
well  as  all  tuberculosis,  which  can  always  be  cured  by  colectomy  (except  advanced  phthisis) — and 
concludes  with  cancer,  which  he  describes  as  "  the  last  chapter  in  the  three-volume  story  of  chronic 
intestinal  stasis  "  !  Wbatever  element  of  truth  there  may  be  in  his  work,  statements  of  this  kind 
are  so  obviously  and  grossly  exaggerated  that  one  cannot  help  doubting  every  other  conclusion 
which  the  author  reaches. 

He  describes  the  medical  treatment  of  intestinal  stasis  as  "  tedious,  dangerous,  and  at  the 
best  palliative."  But  the  operative  treatment  must  surely  have  infinitively  greater  danger,  or  it 
would  be  inconceivable  that  he  should  seriously  state  that  "  it  would  seem  almost  justifiable  in  an 
unmarried  girl  to  resort  to  a  pregnancy  rather  than  to  operative  interference." 

No  more  damning  evidence  against  the  author's  conclusions  with  regard  to  the  causation 
and  effects  of  intestinal  adhesions  coidd  be  offered  than  the  chapter  contributed  by  Professor 
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Arthur  Keith,  "  On  the  Large  Bowel ;  from  an  Anatomist's  Point  of  View."  He  shows  that 
Lane's  band,  Jaekson's  membrane,  and  all  the  other  bands  wliich  have  been  deseribed,  fare 
present  in  at  least  thirty  j)er  eent  of  new-born  eliildren.  The  sli<;hter  forms  deseribed 
by  Lane  eannot  be  rewarded  as  abnormal,  but  in  patholosjieal  eontlitions  the  adhesions  may 
be  eonsiderably  exajijrerated.  In  spite  of  his  unique  opportunities,  Keith  has  not  obtained 
a  single  speeimen  removed  at  operation  whieh  showed  the  usual  signs  of  ehronic  obstruction, 
namely,  marked  eonstrietion  at  the  site  of  the  adhesion  or  hypertrophy  of  the  muscular  coat 
above  the  adhesion.  He  concludes  that  "  bands  and  adhesions  are  not  the  cause,  but  a  mere 
accompaniment  of  the  stasis,  of  embryological  or  pathological  origin."  He  believes  that  the  intes- 
tinal stasis  is  not  due  to  mechanical  obstruction,  but  to  a  disturbance  in  the  neuro-muscular 
mechanism  of  the  bowel,  a  view  which  he  has  described  in  detail  in  this  journal  (1915,  vol.  ii,  p.  i)(>7). 

Dr.  Jordan  contributes  two  chapters,  illustrated  by  admirable  skiagrams,  his  interpretation 
of  which,  however,  shows  the  danger  of  attacking  a  problem  from  a  single  point  of  view  ;  few  of 
his  conclusions  are  justified  by  the  evidence  he  brings  forward,  and,  as  is  well  known,  they  are 
not  supported  by  the  large  majority  of  radiologists.  In  common  with  the  other  contributors  to 
the  volume,  there  is  a  curious  absence  of  acknowledgment  of  the  work  of  others.  In  his  reference 
to  ileoca>cal  insufficiency,  for  example,  although  this  is  clearly  inspired  by  the  work  of  Case,  no 
mention  is  made  of  this  author.  Many  conflicting  statements  are  made ;  thus,  it  is  curious  to  read 
on  page  303  that  ileoeaecal  incompetence  is  •  nearly  always  '  present  in  intestinal  stasis,  whereas 
on  page  314  the  terminal  ileum  is  said  to  be  'quite  constantly'  dilated  owing  to  the  obstruction 
caused  by  spasm  at  this  same  point.  According  to  .Jordan  a  narrow  intestinal  lumen  is  suflicient 
evidence  for  the  diagnosis  of  colitis,  although  it  is  obvious  that  the  x  rays  can  prove  nothing  more 
than  that  the  colon  is  contracted,  which  may  be  due  to  spasm  or  simply  to  its  being  empty.  It 
does  not  indicate  the  presence  of  inflammation,  and  indeed  in  colitis  the  colon  is  dilated  more 
often  than  it  is  contracted,  except  in  the  mucomembranous  variety. 

In  an  interesting  chapter  Professor  Adami  repeats  his  belief  that  Lane  is  wrong  in  attributing 
the  symptoms  of  intestinal  stasis  to  auto-intoxication,  his  own  researches  and  those  of  Rosenow 
having  led  him  to  believe  that  'subinfection'  or  the  continuous  passage  of  bacteria  from  the  bowel 
to  the  blood-stream  is  the  main  factor,  though  he  now  admits  that  in  some  cases  toxaemia  may 
play  a  part  by  lowering  the  resistance  of  the  tissues  to  subinfection. 

Dr.  Leonard  Williams  has  written  a  chapter  on  the  "Medical  Aspects  of  Intestinal  Stasis," 
which  might  have  been  more  appropriately  entitled,  "  Humorous  Aspects."  It  eannot  be  regarded 
as  a  serious  contribution  to  the  subject,  but  it  is  remarkable  that,  though  it  forms  a  part  of  a  work 
on  '■  The  Oj)erative  Treatment  of  Intestinal  Stasis,"  he  appears  to  regard  medical  treatment  as 
always  sufficient,  as  no  mention  is  made  of  surgery. 

Dr.  Nathan  Mutch  has  written  two  chapters,  the  first  a  very  technical  one  describing  liis 
researches  on  the  baeterio-chemistry  of  the  small  intestine,  and  the  second  on  chronic  strepto- 
coccal infection  of  the  bowel.  One  would  have  welcomed  full  clinical  histories,  continued  after 
the  discharge  of  the  patients  from  hospital,  before  accepting  the  theory  he  shares  with  Lane  that 
chronic  nephritis,  ulcerative  colitis,  chronic  infective  endocarditis,  and  diabetes  are  the  results 
of  chronic  intestinal  stasis.  Considering  how  easy  it  is  to  aspirate  the  duodenal  contents  by 
means  of  Einhorn"s  evacuator,  more  evidence  should  have  been  forthcoming  of  the  sup{)osed 
relationship  between  diabetes  and  duodenal  stasis  and  infection,  whieh  are  regarded  by  him  as 
secondary  to  intestinal  stasis.  As  it  is,  the  a;-ray  and  bacteriological  evidence  he  offers  is  worthless, 
particularly  in  view  of  the  observations  of  Case,  who  found  duodenal  stasis  in  one  and  duodenal 
dilatation  in  none  of  a  series  of  72  cases  of  diabetes,  examined  with  the  x  rays.  In  the  single  case 
of  chronic  nephritis  deseribed  by  Mutch  there  is  no  evidence  of  any  causal  connection  between  it 
and  the  intestinal  condition,  and  the  results  of  treatment  are  not  even  mentioned. 

After  the  author's  remark  in  his  introductory  chapters,  that  "  if  women  were  not  imperfectly 
drained  the  gynaecologist  would  not  have  been  evolved,"  one  is  led  to  expect  something  more 
convincing  than  Mr.  Chappie's  chapter  on  the  gynaecological  aspects  of  intestinal  stasis.  It  con- 
tains nothing  but  bald  statements,  which  are  unsupported  by  any  real  evidence,  and  few  of  which 
would  Ije  accepted  by  any  gynaecologists  of  experience. 

Mr.  Chappie  states  that  there  is  now  a  series  of  several  hundred  cases,  which  have  imdergone 
operations  for  intestinal  stasis,  whieh  are  available  for  investigation.  In  view  of  this,  it  is  imfor- 
tunate  that  neither  Sir  Arbuthnot  Lane  himself  nor  any  of  the  contributors  to  his  book  have  taken 
the  trouble  to  compile  an  accurate  record  of  the  end-results  of  the  whole  series,  which  would  be 
much  more  convincing  than  the  mere  statement  "  that  the  results  are  extraordinarily  good." 

The  only  detailed  report  of  a  consecutive  series  of  cases  appears  to  be  that  published  by  Lane 
in  1908  ;  of  37  cases  operated  upon  for  chronic  intestinal  stasis,  7  died  as  the  immediate  result 
of  the  operation,  1  died  six  months  later  of  intestinal  obstruction,  and  1  a  year  later  from 
exhaustion.  In  many  cases  the  ultimate  result  was  not  yet  known,  as  12  had  only  been  operated 
on  lietween  a  month  and  a  year  before  the  date  of  publication.  VV.  S.  Bainbridge  {Brit.  Med.  Jour., 
1913,  ii,  1129)  reported  that  out  of  .50  female  hospital  patients  upon  whom  Lane  had  performed 
colectomy  for  stasis  Ixjtween  May,  1909,  and  October,  1913,  2  died  from  sepsis,  1  from  pulmonary 
emlxjlism,  and  .5  returned  suffering  from  adhesions,  of  whom  1  died  from  peritonitis  after  a  second 
operation.  Colectomy  is  recommended  for  duodenal  ulcer  rather  than  gastro-enterostomy  ;  any 
Ijenefit  which  may  follow  the  latter  is  ascribed  to  division  of  the  circular  muscle  fibre,  which 
diminishes  the  activity  of  peristalsis,  and  not  to  the  making  of  a  stoma. 
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The  opinions  offered  by  Sir  Arbuthnot  Lane  in  support  of  his  views  lack  adequate  corroboration 
from  his  own  work,  or  from  that  of  any  of  the  contributors  to  this  volume.  Where  we  look  for 
reasoned  argument,  we  find  wild  assertion ;  we  seek  in  vain  for  any  record  of  mortality,  or  for  any 
series  of  cases  in  which  the  previous  history,  the  operative  disclosures,  the  risk  of  operation,  and 
the  late  conditions  are  set  forth  in  a  manner  which  allows  a  reader  to  form  his  own  judgement. 
Our  faith  is  tried  to  breaking  point. 


Transactions'   of    the    Sixth    International    Dental    Congress.       Edited  by  H.  R.  T.  Brooks. 
Published  by  the  Committee  of  Organization,  19,  Hanover  Square,  W. 

The  publication  of  the  Transactions  of  the  Congress  held  in  1914,  coincidently  with  the  outbreak 
of  war,  has  necessarily  been  delayed. 

The  proceedings  were  curtailed,  papers  promised  and  doubtless  prepared  were  not  presented. 
Under  the  circumstances  it  is  surprising  that  this  volume  should  contain  so  many  interesting  and 
valuable  papers  and  reports.  The  latter  van.-  much  in  character  ;  they  attempt  an  epitome  of 
knowledge  in  certain  subjects,  but  in  many  cases  refer  only  to  the  work  done  in  that  country  in 
which  the  WTiter  resides.  Thus,  for  instance,  the  report  of  t!^  Sydney  Smith  on  pyorrhoea  alveolaris, 
good  as  it  is,  contains  among  the  fifty-two  references  not  a  single  one  to  any  paper  published  out- 
side of  the  United  States.  This  is  equally  true,  perhaps  more  so,  of  some  reports  presented  by 
English  writers.  Had  these  papers  been  discussed — or,  probably  more  correctly,  had  the  discussion 
lieen  reported — this  local  character  would  have  disappeared.  The  absence  of  reporters  at  the 
meeting  of  the  sections  of  most  Congresses  is  a  fact  to  be  deplored,  for  it  has  proved  to  be 
an  inefficient  method  to  rely  on  a  speaker  handing  in  a  precis  of  his  remarks. 

The  absence  of  a  discussion  is  often  a  matter  for  great  regret  ;  thus,  in  view  of  the  part  saliva 
plays  or  may  play  in  the  causation  or  prevention  of  dental  caries,  it  would  have  been  of  value  had 
the  report  by  E.  E.  Kirk  on  the  chemistry  and  physiologj'  of  the  saliva  been  amplified  by  some 
account  of  the  work  done  in  other  countries  than  the  I'nited  States.  Several  writers  do  give  an 
international  report,  and  their  papers  gain  thereby.  Among  these  are  Brooke  Xicholls,  on  the  teeth 
of  Australian  and  Tasmanian  aboriginals  ;  .-\ngalo  Chiavaro,  on  supernumerary  cusps  upon 
temjjorary  molars  ;  H.  P.  Pickerill,  on  the  etiolog>'  of  dental  caries  ;  George  Villain,  sur  rtwijica- 
tion  de  la  termiuologie  e!  des  classifications  des  deviations  dento-mojcillo-faciales.  .Amongst  the 
papers  describing  original  work,  we  note  with  pleasure  that  of  \.  W.  Wellings,  on  staining  dental 
and  adjacent  tissues  of  certain  rodents  by  means  of  trypan  blue  intro<luced  into  the  animal  during 
life,  which  is  excellently  illustrated  by  Lumiere  autochrome  plates  ;  and  that  of  James  W.  McBain 
and  \V.  A.  Knight,  on  the  chemical  constitution  and  the  physico-chemical  properties  of  dental 
amalgams,  which  contains  the  results  of  much  work  done  in  this  subject  by  themselves  and  others 
in  the  Bristol  University,  and  considerably  modifies  opinions  previously  accepted. 

Two  papers,  one  by  Truman  W.  Brophy,  the  other  by  H.  Blakeway,  on  the  operative  treat- 
ment of  cleft  palate  are  of  interest.  The  former  believes  that  defective  phonation  has  been  due 
in  many  cases  to  lateral  incisions  in  the  soft  palate,  which  in  his  opinion  should  never  be  done. 

We  may  congratulate  the  editor  on  the  way  he  has  done  his  work,  and  the  publishers  on  the 
way  the  volume  is  produced. 


Nerves  of  the  Human  Body,  with  Diagrams.     By  C.  R.  Whitaker,  F.R.C.S.     Second  edition, 
revised  and  enlarged.     Edinburgh  :    E.  &  S.  Livingstone.     3s.  6d.  net. 

.\s  the  title  indicates,  this  small  work  is  only  concerned  with  the  anatomy  of  the  nerves,  and  not 
\%nth  its  surgical  application.  This  war  and  its  small  missiles  have  made  many  surgeons  re\ive 
their  knowledge  of  the  anatomy  of  the  nerses  of  the  human  body,  and  this  probably  has  stimulated 
the  demand  for  a  small  book  thereon,  well  written,  and  by  an  authority  on  the  subject. 
Naturally,  the  smallness  of  the  price  of  the  book  has  forbidden  its  more  elaborate  illustration. 
The  figures  are  well  done,  as  would  Ije  expected  in  a  book  in  its  second  edition.  Almost  the  only 
criticism  called  for  is  in  regard  to  the  index.  This  is  but  a  small  point,  and  hardly  detracts  from 
the  value  of  the  work  ;   but  only  one  saphenous  nerve  appears  indexed. 
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